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Suvce Weston introduced the first sensitive relay over 30 years ago, 
many new and useful additions have been made to the Weston line 
Sensitive relays, time-delay relays and power relays of various types 
now are available, making it possible to combine the various circuit 
functions into a complete control sequence for a wide variety of 
applications. 

Weston sensitive relays and contact making indicators are cap- 
able of selecting or controlling on small changes in current or volt- 
age — operating directly from photocells, thermocouples, resistance 
thermometers and all similar generators of minute energy — where 
precision selection is required for initiating control. 

Time-delay and power relays are available to operate from the 
sensitive relay contacts. The operating coils are especially designed 
to assure long life and accurate performance when used in combi- 
nation with sensitive relays. 

Automatic and accurate control, or improvement in your present 
methods of control, may be possible with Weston relays. Weston 
engineers will be glad to discuss your problems with you...Weston 
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In This Issue 


Between the lines of this month’s first 
article we discern the implicit promulga- 
tion of an audacious concept which in 
years to come may be hailed as a mile- 
stone in the human mind’s conquest of 
the physical universe. L. A. Trofimov 
does not assert it categorically but his 
article is undoubtedly based on his con- 
cept of a “Theory of The Technical Prob- 
lem and Its Solution.” And yet the im- 
mediate value of his article is enhanced, 
rather than diminished, by his discussing 
only practical examples without expound- 
ing the underlying philosophy. His scheme 
of classification being tentative, your 
suggestions are invited. 


Before becoming Assistant Editor of 
Product Engineering, R. W. Carson was 
for five years instrument and meter de- 
velopment engineer for Westinghouse. It 
was there that he developed the pro- 
cedure for making better instrument 
springs, which he now describes. This 
procedure was adopted by his company 
and produced excellent results. 


Thanks to Perry Borden’s long experi- 
ence, this month’s instalment of the elec- 
trical measurement series contains not 
only some litt'e-known practical hints but 
one or two which were never published 


before. 


In Coming Issues 


A discussion of room thermostats and 
their proper application, with special 
reference to new developments. 

A description of an “almost ridiculous- 
ly simple” but apparently new method of 
timing an oscillogram. 

A well-illustrated account of auto- 
matic sequencing as applied to load con- 
trol and frequency control of turbo- 
generators. 

teviews of several new books of spe 
cial interest to Instrumenticians. 

(nd the articles announced here last 
month, other than Trofimov’s and Carson’s. 


The Front Cover 


\ happy man must be F. W. Rabe, 
\ssistant Engineer of the Anheuser Busch 
Co. in charge of a turbine room where 
Instrumentation is so far advanced. With- 
out counting the switchboard instruments 
we can count twelve instruments on each 
of the turbo-generators in the foreground. 
\nd that’s only a part of the story which 
we hope Mr. Rabe will write up in full. 


EDITORIAL COMMENT 


nstruments in Sports 


HEREVER judges, umpires and referees are called 
upon by reason of their supposedly keener perceptions 
to determine quantitative data in sporting events, there 


, 


are “applications” which cry for instruments where none are used, 
or for more suitable instruments. Human officials would then de 
cide only qualitative questions, but their role would be more hon 
orable and enviable, we believe, because they would be relieved of 
functions performable by mechanisms. 

Timing furnishes the aptest illustration: the ordinary stop 
watch does not register the interval of chief interest, but it regis 
ters the interval between pressures exerted manually by an observer. 
Autographic and auto-registering timers have been developed, 
tried out and found satisfactory. These and other performance 
measuring instruments deserve the serious consideration of sports 
organizations. 

Readers who belong to clubs affiliated with national or interna 
tional sport federations have a chance to put in a good word. ‘They 
can dé more: they can discover new applications and help develop 
specialized instruments. 

In yachting, for example, breakage of masts and rigging could 
be minimized by applying tension gages to stays. The cable-load 
indicator of the spring-balance type is a fully-developed instru 
ment well known to the oil industry. It has already been installed 
on sloop-rigged racing yachts, notably on Enterprise, the 1980 
America’s Cup defender remembered for its duralumin mast and 
other engineering features. An electrical remote-reading and total 
izing stay-load indicator, however, has never been tried out, as far 
as we can learn. It deserves to be developed and perfected. Not only 
would it prevent injuries and deaths every season, but it would 
advance the art. 

Just as an airplane pilot uses his instruments with reference to 
stalling speed and gliding angle to make “happy landings,” so will 
the yacht skipper of the future use a stay-load totalizer and other 
force-measuring instruments as yet uninvented to make the most 
efficient use of winds without excessive heel or danger of the mast 
going overboard. Indeed, we foresee automatic cont rol instruments, 
controlling the mainsheet and other ropes to maintain the forward 
components of individual sail forces at their most effective values, 
and lateral and downward components at safe values 
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Filing Technical Ideas 


By LEV A. TROFIMOV* 


us that have a card file, with divisions A, 
B, ¢ etc., for indexing articles which profess to 
present solutions of problems in order to help readers 
solve their own problems by suggestion or analogy. Let us 
further assume that we are able to recognize our own problem 
as belonging to one of the divisions A, B, C Now if 
we know that our problem belongs to division A, for instance, 
may look over all the articles listed in that division, thus 
having an excellent opportunity to find or more which 
might suggest a solution to our own particular problem. The 
desirability of having such a file Benefits to 
individual engineers and research men, and to industry, may 
be of paramount importance. 


Oe Waging we 


etc. 


we 
one 


seems oby ious. 


We shall attempt to show here that regardless of certain 
highly unfavorable conditions, which we shall mention later, 


such an idea file is an entirely feasible undertaking. By simple 
analysis we can derive certain general principles necessary for 
making such a file. I believe, moreover, that by joint effort of 
those interested in this subject and through the medium of 
Instruments we shall be able to develop all the sufficient and 
necessary details so that a satisfactory idea file can be made 
and used. 

The chief unfavorable condition for satisfactorily filing maga- 
zine articles on an idea basis is the deplorable fact that, al- 
though present articles, as they are, profess to be suggestive 
of ideas, the great majority actually are not. The reason for 
this is the omission in the articles of the necessary information 
for making a proper statement of the problem. An article 
without a statement of the problem involved has no suggestive 
power of ideas because the reader cannot understand why the 
solution presented was the preferred solution. Such an article 
simply amounts to a news item. 

I notice with great satisfaction that Instruments is appar- 
ently particular about having authors include all the necessary 
information for making a proper statement of the problem. For 
instance, from A. C. Walker's article on “Recording and Pro- 
ducing Low Humidities” (Jnstruments, Oct. 1933) we can easily 
make a statement of the problem. The particular problem was 

“to make an instrument for recording low humidities by 
utilizing the known fact that the thermal conductivity of a gas 
is a function of its molecular weight.” Of course there was no 
such statement in the article. It did, however, contain enough 
information to make such a statement. The important part of 
the information given, which is absolutely necessary for any 
article if it is to be suggestive of ideas, is the mention of the 
physical principle involved that the thermal conductivity of a 
gas is a function of its molecular weight—upon which the so 
lution of the problem was based. 

As a rule, most articles mention only the need, or the general 
field in which the problem lies, evidently assuming that this 
information is sufficient to define the problem. To illustrate 
what I mean by the term “need” and show that it is irrelevant 
for defining a problem, I am quoting the first paragraph of the 
Walker article which specifies the need: “One of the recent 
improvements in the manufacture and handling of lead-covered 
telephone cable is the storage of the dried cable cores in ovens 
whose atmospheres are as free as possible from water vapor. 
The control of these ovens requires the use of apparatus for 
continuously measuring and recording the low humidities.” 

If Mr. Walker had omitted the next two paragraphs, his 
article would still remain readable, but it would lose its sug- 
gestive value because it would be impossible to make a state- 
ment of the problem from the remaining information, and the 
reader would never guess why “the fine platinum wire and the 
Wheatstone bridge” are necessary for solution. This is exactly 
the way most technical articles are written. With shorter arti- 
cles the situation is still worse. I believe that it is entirely 
possible and imperative, in any and every case which professes 
to be suggestive of ideas, to write an article without increasing 
its length in such a way that the reader will be able to make 
a statement of the problem and to understand why the solu- 
tion was such as it was. 

Fortunately, not all technical articles are written without 
thought of stating the problem. A few good ones appear which 
make readers want to file them in some orderly way. In con- 
structing the following system of classification of problems, 
my chief purpose was to obtain the greatest possible amount 


*Development Engineer, The Electric Controller & Mfg. Co. 
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of practical utility. 1 am fully aware of its imperfecti 
it is the first one, out of several, which I actually am 
use, and with remarkable profit. 


FIRST—FORCE OR SUBSTANCE 

Although all the problems always deal with both sub 
and forces, in each particular problem either force or sul 
definitely predominates. For instance, although in the p: 
which led to the development of Miller’s continuous visc 
for oils (Instruments, Jan. 1933) both the substance (oi 
the forces of internal friction (viscosity) were 
involved, viscosity or molecular force was definitely of 


promiur ( 


importance. Therefore we are led to recognize this proble 


a “force problem.” In the development of the low hu 
recorder the developer was chiefly concerned with an 
of the vapor in air or, speaking generally, with a sub 
hence we recognize the second type of problem 
problem.” ' 
lems into two great classes: Class F (force) and Class S 
stance). Quite logically we are led to sub-divide each of 
great into smaller groups according to the ki 
forces and states of substances. 


sub 


classes 


KINDS OF FORCES 


Thus, problems dealing with mechanical forces will be cd 


nated by F. K. 
those with gravitational forces by F. G.; 
magnetic (including electrostatic) forces by F. Em.; 
with molecular forces by F. M. (Miller’s Viscometer hx 
here); and those with electronic forces by F. Eo. 


STATES OF SUBSTANCES 


Problems dealing with the various states of substanc 


be divided into three classes: solids, liquids and gases, des 


(the K standing for both kinetic or kinemat 
those with electr 


nated by S.S., S.L., and S.G. respectively. Thus we alr 


have eight different types of problems. 


PREVAILING CONDITIONS 
Further division of problems may be made according | 
predominant conditions imposed by the problems. I have « 
five such conditions: (1) small scale condition; (2) larg« 
condition; (3) avoidable interfering condition; (4) una 


able interfering condition; and (5) condition of order. (In 
no particular claims for the correctness or complete adeqi 


of this list of the chosen conditions. ) 


’ 


rhis distinction suggests an arrangement of al! p: 


Small scale condition. There are problems, the chief diflic: 


of which is their minuteness of scale. They are often ty} 


by the necessity of using principles of amplification and | 


ancing (e.g. Wheatstone bridge in the low humidity recorder 


Large scale condition. An example of this type of proble 


was the construction of the doors for the Akron hangar 
Goodyear Air Dock in Akron, Ohio. It is a problem to 
a door 202 feet high, 214 feet wide and weighing 600 


Large and small scale problems, however, are determined 


only by actual size but also by radical deviation from the 
nary practice. Moreover, the term “scale” involves not 
linear or cubic dimensions in particular but in genet 
magnitudes such as: number, time, temperature, etc. 


Avoidable interfering condition. In the development ot 


cision regulators for high pressure gases by George M. De 
ing (Instruments, Sept. 1933), there was the problem of p! 


venting variation in friction of the seat-carrying means 0! 


regulator due to the accidentally additive or subtractive 
of the compensating and adjusting helical springs, caus‘ 
the lateral distortion of these springs. The solution 
tained by the substitution of a specially shaped flat spri 
the helical compensating spring, and also by making t 
justing helical spring shorter. This simply illustrates t! 
in which the disturbing condition was permanently re! 
and goes to show that this condition was not a necessa' 
ment of problem or solution (as will be clear after readi 
next paragraph). 

Unavoidable interfering condition. We quote from Dei 
article: “An ideal regulator would be one which maint 
low delivery pressure notwithstanding a deterioration of 
der pressure from an initial value of more than 2000 |! 
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to an end value of less than 20 Ibs./in.? . 
forces controlling the position of the valve seat 
turbed by the fall of cylinder pressure “with the result that 
the delivery pressure of the regulator is adversely affected.” In 
this ease the source of trouble is the fall of cylinder pressure, 
which is unavoidable and is a necessary element of the problem. 

A condition of order. The fifth condition demands a solution 
containing an orderly feature with respect to time, space or 
consciousness. All problems of indication, measurement and 
control belong to this sub-class. 


ASSOCIATIVE ELEMENTS 

So far, we have three successive ways of distinguishing the 
problem: (1) the nature of the element we deal with—force or 
substance; (2) the kind of force or state of substance; and (3) 
the predominating condition which actually makes the prob 
lem. This has given us forty sub-classes, but I feel the necessity 
of including one more break-down; this time according to the 
psychological element which might be responsible for an idea 
of solution. It is hoped that the mention of this element will 
in turn stimulate the imagination of the reader and point to a 
probable solution of his own problem. These associative ele 
ments are words: (1) quality, (2) quantity, (3) time, (4) 
space and (5) consciousness; abbreviated as QI, Qn, T, S and 
C; their use will be illustrated below. 


” 


is dis 


EXAMPLES 
In order to show how the whole system of classification may 
work, we shall classify several problems from Deming’s article, 
which is an excellent presentation as well as a fine job of 
writing, and therefore can be easily used for our purpose. 


PROBLEM No. 1 


Statement: To reduce or eliminate the fall of the delivery 
pressure with the deterioration of cylinder pressure (regulator 
inlet pressure). Solution: The two stage pressure regulator; 
(2) mechanism for the first stage of pressure reduction pri- 
marily suitable for high pressure regulation; and (b) a second 
Stage of pressure regulation primarily suitable for low pressure 
regulation. The filing letter combination will be F—M—U 
Ql. We deal here with the molecular forces of gas, hence M. 
lhe deterioration of cylinder pressure is an unavoidable con- 
dition, hence U. The solution was obtained by a careful design 
of each stage of reduction, perfecting it to perform its par- 
ticular function, hence QI (quality). This word “quality” may 
also suggest to the reader to attempt to solve his problem by 
& quality design. 


.. The equilibrium of 


PROBLEM No. 2 
Statement: 'To prevent the variation in friction of the seat 
carrying means of the regulator, due to the accidentally addi 
tive or subtractive action of the compensating and adjusting 
helical springs caused by the lateral distortion inherent in long 
helical springs. Solution: Substituting the crescent-shaped 
stamping of spring steel for the helical compensating spring 
and making the adjusting spring shorter. The filing letter com 
bination will be S—So—A-——S. We deal here with solid parts 
or substances, hence S—So. The predominant condition is the 
accidental misalignment of parts, hence A (avoidable). And 
the solution was finally obtained by the radical change in the 
shape of springs, hence S (space includes shape). This word 
“space” may suggest trying to solve a simijar problem by some 
change in shape. 
PROBLEM No. 3 
Statement: To prevent, in the seat carrying means of the 
pressure regulator, excessive loose play due to ordinary ma 
chining and assembly manufacturing tolerances. Solution: Seat 
accommodation is provided by permitting the seat to rock 
Positive seat alignment is secured through the particular de 
sign of the lever (ball in a conical cavity held by a spring) 
The filing combination will be S—So—U—QI We deal here 
with solid parts, hence S—So. The loose play due to manufac 
turing tolerances is unavoidable, hence U. The solution was 
obtained by radically changing the design of the seat mounting 
and the seat carrying means, hence QI. 
PROBLEM No. 4 
Statement: To prevent excessive temperature rise at the seat 
surface, due to sudden inrush of high pressure gas being mo 
mentarily stopped at the seat. Solution: Dead-end pocket beyond 
the regulator seat was provided so that the stoppage of the 
inrush gas had to take place in this pocket instead of at the 
seat. The combination will be F—-M—-A—S. We deal here with 
the molecular forces of a gas, hence F—-M. The excessive rise 
of temperature whenever the intake valve was open is an un 
avoidable condition; but that this temperature rise should 
always take place at the surface of the seat is not unavoidable, 
hence A. The solution was obtained by shifting the location of 
trouble away from the seat into a specially provided dead-end 
pocket, hence S (change in space). 
PROBLEM No. 5 
Statement; To provide an indicator to show whenever a relief 
valve was caused to operate. Solution: A red bordered signal 
button was provided, which would be forced out by the first 
stage diaphragm in the event of any pressure appreciably 
higher than normal occurring. The filing combination will be 
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F—k-—O—C. Here we deal with motion of mechanical parts, If this, or a similar system, proves to be of practica 


hence K. The requirement was to indicate somehow whether one can readily visualize the tremendous importance 
the relicf valve had operated or not, hence O (condition of a file as it grows and grows without ever becoming a 
order, includes indicating problems, as well as measurement yard. As it is now, there is no practical way of profit 
and control). The solution was of visual nature, hence C (con suggestive articles written two months or more ago. | 
sciousness ). kind of indexes for magazine articles generally refer t 
CONCLUSION and not to the nature of problems. Therefore, the pu 

There is only one way of finding out whether this system of of technical magazines, it seems to me, must be keen 
classification of problems for filing purposes is of practical ested in the development of some kind of index of id 
importance or not, and that is by trying to put it to use. cause it will prolong the life of all their issues indefini 





NEWS AND NOTICES 


Alfred V. deForest, widely known re The Trustees of Battelle Memorial In- The Foxboro Company, Foxboro, ] 
search engineer, who is a member of the stitute, Columbus, Ohio, announce the ap- has become a member of the <A: 
Editorial Advisory Board of IJnstru pointment of Clyde E. Williams as Di- Standards Association. 
ments, has been appointed associate pro rector of the Institute, and Dr. H. W. ai Se : é 
fessor of mechanical engineering at the Gillett as chief technical adviser, in line rhe semi - Annual Meeting OT the p 
Massachusetts Institute of Technology. with an expansion program. A greater American Society of Heating and Ver c 
In the autumn he will join the staff at range of research and development work tilating Engineers will be held at The . 
Technology where his special field will within the Institute has been planned, Inn, Buck Hill Falls, Pa., June ve 7 
include study of dynamic properties of and many new projects of outside spon- Among the porere Cees ( riteria for Ti n 
metals, particularly the strength of full sorship have been accepted. Both Dr. dustrial Exhaust Systems” by J. J 
size parts, and the relations among de Gillett and Mr. Williams have been asso Bloomfield ; Dry-bulb vs. Effectiv: Tet r 
sign, metallurgy, and application of load ciated with the Institute since 1929, Dr. perature Control” by A. E. Bea I 
in modern machinery. The forces which Gillett as director, sharing the adminis- Operating Results of we Air ( erage ' 
produce and the factors that limit reson trative duties of the directorship with ing System Compared with Design Fig 
ant vibrations will be investigated by Mr. Williams as associate director, and ures by J. R. Hertzler; Insulatit I 
Mr. deForest, who will give special at at the same time serving as metallur- Value of Bright Metallic Surfaces 
tention to the development of new test gical supervisor of the Institute. Dr. Gil- Prof. F. B. Rowley ; sdeat Trai = 
methods and measuring instruments lett will now devote his entire time to from Direct and Extended Surtact ' 
His work is expected to lead to the the scientific side of the work. He will Forced Air ¢ irculation by Prof. G. } 
establishment of a laboratory in which head a group of engineers who will bring Puve and C. A. McKeeman. 
the knowledge and experience of the to sponsored projects the highest type of Textile Microscopy, textile techni: 
machine designer, the metallurgist and scientific knowledge in the Institute’s analysis. ona clin Sila hane aa 
the physicist can be focussed on the chosen fields. special summer courses being offers 


working properties of machine materials. again this year by the Massachusetts 1 
stitute of ‘Technology under the dire 
tion of E. R. Schwarz. The work beg 
on July 25 and continues for six we 
ending on September 5. Registration 1 
the laboratory work is limited and ear! 
application is necessary. Excellent |i 
facilities are available at moderat« 

in the new dormitory group. 


The twentieth anniversary of the Cana- 
dian unit of Taylor Instrument Com- 
panies has just been celebrated. H. A. 
Allen, who in 1914 was appointed rep- 
resentative of the Rochester firm, heads 
the Canadian corporation which now 
occupies its own factory and _ office 
building in Toronto. 


Mr. deForest was educated at the 
Middlesex School of Concord, Mass., and 
at M.I.T., where he was graduated in 
1912. He was employed by the New 
London Ship and Engine Co. for a year, 
then taught engineering at Princeton 
until 1915. At the same time he began 
special studies in metallography under 





Donald P. Smith of Princeton and Wil The Amthor Testing Instrument Co., , ' 
liam Campbell of Columbia. From 1916 manufacturers of speed recorders and Six- to eight-week courses in mic: 
to 1918 he was associate research engi- testing instruments for paper, cordage chemistry are offered during the sun 
neer of the Union Metallic Cartridge and light metals, has moved from 309 mer session of 1934, starting June 7, | 
Co., and from 1918 to 1928 research en Johnson St. to 4-10 Leo Place, Brook- the Department of Chemistry, Washing 
gineer of the American Chain Co. Since lyn. The new plant combines office, show- ton Square College, New York Univer 
then he has been a consulting engineer room and factory on one floor and sity, under the direction of J. B. Nic 
specializing in the invention and appli provides more complete facilities for derl, A. Benedetti-Pichler, and B. Alber 
cation of various special test and inspec handling increasing business. Address inquiries to W. C. MacTavish, 
tion methods. He has published a number Washington Square College, New Y 
of technical papers on magnetic methods Reorganized with increased manufac- University, New York, N. Y. 
of testing, one of them winning for him turing and field facilities, the Isometer : 
the A.S.T.M. Dudley medal in 1928. Since Co., Elgin, Ill, manufacturers of flow St. John X-Ray Service, Inc., 36-2 
1924 he has been secretary of the so meters, is now housed in a new factory Thomson Ave., Long Island City, N. } 
ciety’s committee on magnetic analysis. and office at 397 Silver Street, and is will give a course in industrial radi 
He improved the magnetic continuity now known as the Isometer Corporation. graphy beginning July 2 and extending 
test invented by W. E. Hoke, which is Officers of the new organization are E. for four days, but with no sessio1 
valuable in the study and prevention of F. Eckel, Pres.; V. W. Eckel, Sec’y; F. July 4. While previous metallurgi 
metal fatigue failures, particularly in the Ralph Fisher, Treas. training is desirable, it is not required, 
airplane field. He developed several test and any high school graduate wil! b 
methods for fatigue of metals, and his The W. M. Chace Valve Company has able to understand the course. The $10 
work on inelastic behavior of metals has started construction of a new addition fee includes the use of equipment 
resulted in a new type of spring used in to the present quarters. Located on materials. 
testing machines (Instruments, March Beard Avenue, Detroit, the plant, when 
1934, page 61) and in precision scales addition is completed, will have more A new form of service, which keeps 
(page 119 of this issue). than 19,000 square feet of floor space. the manufacturer advised month )) 
The new quarters will be almost entirely month of new inventions in his field, is 
Douglas Annin, who has developed a utilized by the Thermostatic Bimetal di- announced by Inventions Digest, Inc. 
number of control patents pertaining to vision of the business. Chicago. This organization is not alii 
valves and automatic regulators, has ated with any patent attorney. It simp! 


collects descriptions of recent inventions 
from patent attorneys all over the cou! 
try, and sends monthly reports. 
quent negotiations for sale or licensing 
are handled directly between the } 
facturer and the inventor’s att 
“Inventions Digest, Inc. does not a! 
not undertake any promotions.” 


joined the Industrial Regulator division 
of Minneapolis-Honeywell Regulator Co., 
which is in charge of Ralph L. Goetzen 
berger. Mr. Annin was chief engineer of 
Neilan Company, Ltd., Los Angeles, and 
when this firm was merged with the 
Mason Regulator Co., he became Sales 
Engineer of Mason-Neilan. 
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r t ( 
nly inter Agi d Lag Effects in | Spri 
nly inter ging and Lag Efrects in Instrument Springs 
init ’ 
By R. W. CARSON* 
INTRODUCTION TABLE I—MODULUS OF ELASTICITY IN TENSION 
T the time he published his Lectures on Springs, 260 years Material Diat M 
_— ago, Robert Hooke little realized that there were 80 aa eeu ake, ath tn Leaaeaen 
“wh many qualifications to his statement, ut tensio sic vis, Phosphor bronse wir 0.040 in. 15580000 , 
“as the deformation so the force.” Unfortunately, the ideal Spring temper phosphor bronz 
elasticity of the physicist does not exist for the designer. The lex in 14,700,001 8 
r of the } problems of non-proportionality and imperfect elasticity be ee temper brass wire a 0.040 in. 14.300.000 
and Ven come more pressing as increasing sensitivity and greater ac Ps . heh Dabs a rian 0.065 in 10 son. Aint 
d at Th curacy are demanded in such devices as modern electrical in oases C theatstranted atest wire..@.600lin. $8616 000 can 
ine 19-99 struments, gages, weighing devices and other spring controlled at ae er 0.0327 in 9'040.000 s 
la for In mechanisms. Hard drawn spring wire 0.043 in 28,920,000 6.8 § 
wm 35, 3 According to the usual conception, in the ideal elastic mate- Music wire . i 0.025 in. 29.920.000 129g 
tive Ten rial the deflection under load is directly proportional to the 314% nickel steel 0.500 in. 29,190,000 1.3 
» Beals intensity of the load, but, unfortunately, perfect elasticity ful Heat-treated silicon steel 0.328 in. 29,120,000 
‘ondition- filling the ordinary interpretation of Hooke’s Law is unobtain 
sign Fig able in materials suitable for sensitive elastic elements: In the . 7 P 
nsulating j first place, the deflection is not exactly proportional to stress. precise elastic members, where “one per cent variation” is in 
faces” by A curve published nearly 30 years ago by Bradshaw! shows tolerable, Hooke’s Law is only a rough approximation and th 
Transfer that springs in precision electrical instruments have a non term “proportional limit” has no meaning Experience in in 
ace uniform deflection rate. strument design te iches that 
of. G. ] Although a perfectly elas working stresses for the 
tie material need not have a elastic elements must bye 
straight-line relationship be much lower than for struc 
technic tween stress and deflection, tural or load supporting 
are the steel closely approaches this [1] p irts Otherwise, the per 
offered relationship, and for this oe aa of = lye 
setts In reason all materials are as . . . will be impaired by one or 
ie direc sumed to give a straight- Potentta Reflitutiva, more of three effects: fa 
‘k begins line diagram. For most en- OR Ligue , aging and lag, “Fa 
x week gineering materials and most tigue” or failure caused by 
ation for applications the assumption S P R I N G. n peated stre sses is already 
nd earh of a straight-line relation- ell cover at | - litera 
nt living ship or a constant elastic : ure, an excellent discussion 
rate cost sade is close enough, but He Theory of Springs, though by Gillett’ appearing in a 
for_elastic elements of mod rae, attempted _by ivers eminent previous number of Jnstru 
ern precision instruments ee es ey Mathematicians of this Age ments; the other two effects 
nh micro this assumption does not Ts v » has hitherto not been Publithed have been discussed by 
he sum hold. Ade by any. It it now about cighteen Béhar4 in respect to their 
ine 7, by As shown by Sayre2, the ears fince I firlt found. it our, effect on instrument per 
V ashing true tension modulus for the t defigning toa ply it to fome formance, but there has been 
Univer usual spring material is j particular ule, gpd tar the no discussion of these in 
B Nie given by the following equa- publifhing thereof. mene properties “ mn) ute 
3. Alber tion in which E is the pro- About three years fince His Majefty was pleafed to rials from the designer 
ie Tavish, jected elastic modulus for fee the Experiment that made out this Theo: y tried point of view. 
‘w York zero stress and S is the at White- all, as alfo my Spring Watch. : CHARACTERISTICS 
stress: Me About two years fince I printed this Theory in an OF AGING AND LAG 
= True Modulus = E — K 8S Anagram at the end of my of the of | | 
N.Y. The constant K has values Heliofcopes,vize eiiinosss tt wn,id off,Ut Aging and lag are distin 
fT audit between 4.3 and 10.9 for oi; That is, The Power of any Spring 1s im thefame guished from fatigue in that 
tending different metals, and de- proportion with the Tenfion thereof: That is, ifone they are irregularities in th 
ieee pends also on the condition power ftretch or bend it one fj two will bend it deflection rate or elastic 
Nurgica of the material, on the heat two, and three will bend it cre, and fo forward. modulus of the spring mem 
eauired, . treatment and on the meth- Now as the Theory is very thort, the way of try- bers. Aging is a slow per 
will be i od of fabrication. P it is very cafie. manent change in elastic 
‘he S10 d | From ay gee it is  Niilhthen s qntity of even-drawn Wire, cither An, ean yeas phy gree con 
ou appare é = defiec . dition o ie spring element, 
osama ee gga Tate ae rnd ie ici of re cau are alge me cnegyy worsened : em 
3 creases with the load or ou sie, aoeas ney ot cag edge by temperature but inde 
h keeps ae stress, so that the stress- pn ‘el of hich fal * hi 1 ire mto pendent of the load or wor! 
nth by oe strain curve is a curve in take ae dake te véahe Pi. ob ing stress Spring lag is evi 
field, is 2 reality, and no true propor- y r tu in the weig t that you dence of the In ibility of the 
; ie: tional limit exists. To be would have to extend it, and hanging on feveral spring material to respond 
s _ j sure, the variation in elastic des aa exaGly to what length each of the in the sams manner to de 
‘ Pose “4 modulus, as given in Table ! ts do extend it beyond the! that its own creasing stress as to increa 
ventions fae is is usually < 1% for ma- weight doth ftretch it to, and you fhall find that if ing stress, or more specifi 
sn cont a terials and working stresses B one cally is a lag of the strain in 
Subse- ~*~ ordinarily used for elastic relation to the stress. Phe 
icensing e elements ; but it must be most pronounced lag is in 
. manu s recognized that in the use of fluenced by time, the effect 
ttorney s . - increasing with time. 
. 1 wil ,,. Assistant Editor, Product ; Present-day engineering 
s Engineering, New York. For- Fig. 1. First page of pamphlet (1678) in which Hooke published his law. Original knowledge leads to the be 
*. merly with Westinghouse Elec. in library of Professor M. F. Sayre. Plates from The Davis Press, Worcester, Mass., ee ae ttle nahn ok toe 
& Mfg. Co, through courtesy of The Wallace Barnes Co., Bristol, Conn. i at DOtN aging an u 
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THE SIMPLEST AND THE MOST ELABORATE INSTRUMENTS FOR ACCURATELY DETERMINING PROPERTIES 
OF RIBBON-FORM SPRING MATERIALS 


Fig.2. A simple apparatus like this can provide reliable data 
on elastic properties of different materials. Clamp ribbon at A. 
Note original position of ribbon on scale. Bend it around curved 
form and clamp it at B. Let stand for given time at given 
temperature. Observe behavior after release. 


are closely related and arise from comparatively simple causes, 
but much mystery surrounded these two effects in the past. 
Many “secret” processes were originated for the purposes of 
controlling aging and lag, and many “secret” formulas for 
spring or diaphragm materials have been developed by rule-of 
thumb processes. 

Although the use of these secret materials and processes in 
combination with careful testing and selection of finished 
spring elements has resulted in a marked improvement in cer- 
tain types of instruments, aging and lag are inherent proper- 
ties of all manufactured elastic elements. They cannot be elim 
inated by any mystic, ritualistic shop processes. Only when 
the factors that influence aging and lag are known can they 
be brought under control. 


TERMINOLOGY 

Information on elastic defects of the various materials used 
by instrument designers is incomplete, widely scattered, and 
difficult to correlate because of the lack of uniformity in the 
terms used: No two investigators have been able to agree on 
the nomenclature. The following list of terms used by different 
investigators, or in use in specifications, or in current shop use, 
is by no means complete but will serve to indicate the diffi- 
culty in correlating data from different sources. Included with 
this partial list of terms is the particular meaning associated 
with each: 
Drift (change in altimeter diaphragms with time; in general, any 


i/? My 
long-time change of calibration) 
Secular error (drift in altimeters) 


Aging (changes taking place unaftected by load). 

Creep (increase in elongation at constant load in a tensile test 
specimen ) 

Recovery (decrease in length after removal of load from a creep test 


specimen ) 

ifter-effect (residual strain after unloading a tensile specimen). 

Elastic-afterworking (literal translation of the German elastischen 
achwerkung). 

Zero shift (shop term indicating failure of instrument pointer to re 
turn to zero) 

Temporary shift (zero shift that disappears in time). 

Permanent Set (zero shift that does not disappear within a few 
hours) 

Fatigue (sometimes used inaccurately for any inelastic effect). 

Elast hysteresis (difference between strain for equal ascending and 
descending loads). 

Back error (shop term used to denote total hysteresis in scales, which 
of course includes friction). 

“yel hysteresis (elastic hysteresis after a number of repeated 

gs) 

ul hysteresis (term used by Bureau of Standards for elastic 
hysteresis of a specimen in cyclic state) 

Hereditary hysteresis (elastic hysteresis influenced by previous his- 
tory) 

Internal friction (cause of decrement measured in torsional pen- 
dulum tests) 

Dynamic ductility (cause of damping of torsional vibrations). 

Mechanical hysteresis (in tensile or bending tests is the same as 
elastic hysteresis). 

Elastic fatigue (inaccurate expression for any inelastic effect). 

Viscosity (used by British writers for internal friction). 

Visco-elasticity (another British term for internal friction). 


This is truly an imposing list of terms for two comparatively 
simple elastic defects. Further confusion is added by the fact 
that different groups of these terms are used synonymously by 
some engineers and physicists while other workers apply the 
terms at times without regard to the character of the effect. 
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Fig. 3. The author with his recording electronic micrometer used in obtaining 
accurate measurements of elastic lag in spring ribbon by automatically plotting the 
changes in deflection of a spring ribbon under a steady load. Employing a gear- 
driven hand micrometer and a gaseous rectifier tube to detect contact with the 
ribbon, the primary device (center) is sensitive to a ten-millionth of an inch. 


AGING INDEPENDENT OF LOAD 


Aging, the slow permanent change that takes place reg 


less of the load, is the effect known as “secular error” oy 
“seasoning” in altimeter diaphragms. The terms drift, pern 
nent set and zero shift are applied to aging effects in springs, 


particularly to the spiral springs in instruments and gage: 
As reported from various sources ‘aging changes are most 
active shortly after manufacturing processes are completed, 
causing permanent changes in elastic modulus, hardness, d 
tility, physical dimensions and structure. These changes i 
shape are invariably in such a direction as to relieve defor 
mations introduced in manufacturing. As early as 1898 Chre 
reported that “secular error” or aging tendency in aner 
barometers decreased with time. Aging in spiral instrument 
springs is referred to as early as 1915 in a Bureau of St 
ards discussion of the sources of error in electrical i 
ments.® According to this authority: “Another form of zer 
shift is caused by the gradual change in form of spring 
time. This has been observed in a number of instrument 
using a single spiral spring, and the change observed was « 
dently a gradual uncoiling of the spring.” 

Again emphasizing the effect of time, speedometer sprii 
are reported to have consistently increased in stiffness in 
allel with this uncoiling tendency, within a period of two yea 
This effect has been described in discussions included wit! 
contributions to the American Society of Mechanical Eng 
neers.” 8 

Several physicists, in using a torsional pendulum in conne 
tion with investigations of inelastic effects, have reported 
changes in elastic modulus with only the passage of time. Th 
earliest reference to such an effect was published in 1865 by 
Lord Kelvin.® Since that time Iokibe and Sakai, Honda a1 
Konno, Subrahmaniam, and others have in every instance re 
ported aging effects in various spring materials. 

Uncoiling in spiral instrument springs is shown to be cl 
related to changes in stiffness of the spring in a recent papé 
by the writer.1° In fact these two effects are shown to b 
parallel, and the conclusion is drawn that “The tenden 
the spiral spring to uncoil and increase in elastic modulu 
a minimum under conditions that produce minimum resid 


stresses.” 


INTERNAL STRESSES CAUSE AGING 


Aging effects are not limited to instrument springs 
diaphragms. Recently, an enlarged interest in this problem h 
brought forth a number of parallel effects. In cold working 0! 
‘annon, in cold rolled steel sheets, in locomotive tires, 1! 
quenched steel castings, in iron castings, in zine die casting 
and other products, aging effects have been measured a1 
ported. In the aging of permanent magnets—another problen 
in the design of many electrical measuring instruments! 
in the season cracking of cold drawn brass there are simi 
effects. In the changes in the physical properties of 
worked lead and zinc at normal temperatures, in cop} 
slightly elevated temperatures, in tin, in the precipil 
hardening of copper and aluminum alloys, in steels at el 
temperatures, in fact in any cold worked material, p! 
properties are altered by aging. 
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nearly all of the reported investigations three facts are 
riably recorded. First, aging is noted immediately after 


in’ ; . : : : 
subjecting the material to mechanical working, or following a 
At . . 

heat treatment that leaves the material in an un annealed or 
“ table state. Second, aging proceeds at a decreasing rate, 


reaching a stable state only after an extended period of time. 
Third, these aging changes are accelerated by small increases 
in temperature. 

(hese phenomena suggest that aging is a direct result of in 
ternal stresses introduced in the material during the mechan 
ical working or heat treatment, and that elimination of aging, 
then, requires only the elimination of the internal stresses. 
fhe aging changes, proceeding in proportion to the intensity 
of these internal stresses, will decrease in rate as the internal 
stresses are relieved by aging. But this action can be speeded 
up and the unstable condition normalized much quicker by 
heating the material so as to accelerate the relief of these 
internal stresses. For phosphor bronze instrument springs com 
plete relief of internal stresses may be obtained in 20 hours at 
100° C. (212° F.) while at 40° C. (104° F.) more than 20,000 
hours (two years) would be necessary. 

Although heat treating time will be shortened by using 
higher temperatures, the temperature selected should not be so 
high as to cause annealing. In fact, heat treating temperatures 
need be only slightly greater than the maximum service tem 
perature the spring element will meet. Table Il"! gives the 


TABLE II—HEAT TREATMENT TO REDUCE INTERNAL STRESSES 


Spring Material Ileat Treatment 
Phosphor BronZe ......-eeceseceeeecsvees 100° C. for 15 hr 
PEO IPPEWE BTGRB. 26.5 ect cece tence 120° C. for 10 hr 


Hard Drawn Nickel } 


Nickel Silver Cn A oe ee a ee 150° C. for 8h 
Monel Metal J 

Rw CIEL LOC! CO cee encciovesee’ 200° C. for 5 hr 
Low Alloy Steel { 

Music Wire ) 

COM (ORCL Fiavervesccsccessuaeuse 300° C. for 5 hr 


Nickel Steel J 


maximum aging temperatures recommended for various spring 
materials along with the number of hours at temperature to 
stabilize the usual spring members. If the material is sub 
jected to an unusual amount of cold forming or lower tem 
peratures are used more time may be needed. For bronze, 
brass, nickel silver and Monel metal the heat treating tem 
peratures given in the table are low enough so that the elastic 
elements can be heated after assembly in most instances. This 
procedure is strongly recommended as the spring elements may 
be so handled during assembly that new aging effects are in 
troduced, even though the parts were previously stabilized. 


sh, ’ 


In the above discussion the term “aging” is used in reference 
to the phenomena that supposedly result chiefly from internal 
stress and not in reference to the phenomenon of precipitation 
hardening which, also—largely because it occurs in duralumin 
with time at room temperature—is commonly called aging. 
Precipitation hardening effects occur in the alloys used for 
spring materials only at temperatures much above those rec 
ommended in the table. 

One of these age-hardening spring materials, beryllium cop 
per, has recently demanded attention because of its high 
strength and corrosion-resistance but no data are available on 
its inelastic properties. 


LOAD AND TIME INFLUENCE ELASTIC LAG 

The third inelastic effect, lag, is observable as a deviation 
between deflections produced by ascending and descending 
loads. General terms applied to this effect include creep, elastic 
hysteresis, recovery, after-effect, zero shift, temporary set, 
elastic lag, elastic fatigue and elastic after-working. For cer 
tain types of lag specialized terms such as statical hysteresis, 
dynamic ductility, damping capacity, visco-elasticity, internal 
friction, mechanical hysteresis and hereditary hysteresis have 
been used by various investigators. 

Much confusion in the compounding of these descriptive 
terms has been caused by the fact that many of the earlier 
Investigators did not realize that they were dealing only with 
different manifestations of the same effect. In fact, it is recog- 
nized now that there are only two types of lag, one nearly 
independent of time which appears to be something on the 
order of elastic “back-lash,” while the second type of lag is a 
slow continuing deflection taking place under a steady load, 
the action entirely dependent on time. 
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Fig. 4. UNWINDING OF INSTRUMENT SPRINGS—BENEFICIAL EFFECTS OF 
PROPER HEAT TREATMENT. (Slightly less than actual size.) 


B-1. Instrument spring forming barrel used in making special springs. Inside 
diameter 0.436”. 

B-2. Forming barrel wound with six ribbons ready for forming. Ribbons are 9.5 
long, 0.023” wide and 0.0022” thick. 


Springs made from identical ribbons, formed in above barrel in air oven at 
different temperatures and for different durations. 

S-1. Formed for 15 min. at 250°C. S-2. Formed for 15 min. at 320°C 
Outside diam. 0.633” (45% expan- Outside diam. 0.461” (6% expan 
sion). sion). 

S-3. Formed for 4 min. at 300°C. S-4. Formed for 30 min. at 300°C 
Outside diam. 0.578” (32% expan- Outside diam. 0.500” (15% expan 
sion). sion). 


Both aging tendency and elastic lag are more pronounced in springs that expand 
relatively more when removed from forming barrel after heat treatment 


e out 


Three investigations of the back-lash type of lag a 
standing. Keulegan! 
types of lag designating the effects “statical hysteresis” and 
“hereditary hysteresis.” In a later paper! 
a series of accurate measurements of the statical or back-lash 
type. In another investigation conducted by Kimball and 
Lovell’4 measurements of lag were obtained by the novel 
method of measuring the small horizontal displacement of a 
free and rapidly rotating horizontal shaft loaded as a canti 


clearly distinguishes between the two 


Keulegan reports 


lever beam. This report includes a table of coetticients for the 
lag in various materials, using the term internal friction 


ELASTIC LAG CAUSES DECAY OF TORSIONAL VIBRATIONS 


More recently, a report by Von Heydekampf 
lag measurements based on the decrement or decrease in impli 
tude of torsional vibrations in specimens of various materials 


describes 


Curves of lag coefticients for several spring materials at various 
loads are given using the terms “damping capacity” and “dy 
namic ductility.” The author successfully correlates his re 
sults with those of Kimball and Lovell and others 

These three investigations of the back-lash type of lag pro 
vide data that are fairly consistent over a wide range of load 
stresses for most of the ordinary spring materials. Duration 
of load or speed of loading is shown to have little effect, but 
the amount of lag increases rapidly as the load stress is in 
creased. In general it is shown that doubling the stress in 
creases the lag to about three times the initial amount. How 
ever, for load stresses this effect is comparatively small, being 
no more than approximately 0.25% of the load strain for the 
usual spring materials. The effect appears to be a property 
of the molecular structure of the material, and is unaffected 
by mechanical working or heat treatment 

Of much greater importance in spring design is the type of 
lag that varies with time. This effect causes comparatively 
large changes that may vary continuously even when all other 
conditions are unchanged. Also, the magnitude of this time 
lag depends on the physical state or previous history of the 
part—conditions which are often unknown and always difficult 
to control in manufacturing processes 

This time lag was studied as early as 1865 by Lord Kelvin 
and reported® in that year, describing “viscosity” effects noted 
in the suspension for a long-period torsional pendulum. A 
number of other investigators have since reported similar 
effects, including Sayre in his series of reports to the A.S.M.E 
Special Research Committee on Mechanical Springs. 


MEASUREMENTS OF TIME LAG 


Time lag in altimeter diaphragms was recognized a number 
of years ago and reported by Stewart!® in 1869. More recent 
measurements are included in reports of the National Ad 
visory Committee for Aeronautics. Hersey'? studied the in 
crease in deflection with constant load and the corresponding 
after-effect when the load was removed. Brombacher!* and 
Beij!® both discuss these time lag problems in altimeters 
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Measurements of time lag in large helical springs of phos 


phor bronze were made and reported by Brombacher.® The 


author’s recent paper!® also presents measurements of time 
lag in bronze spring ribbon loaded in bending. The data were 
obtained by measuring deflection changes in a small beam 
loaded with a weight using a highly sensitive electronic re- 
cording instrument, Fig. 3. As shown in this paper, the lag 
under a load proceeds at a constantly decreasing rate that is 
shown to be logarithmic—the rate, too, varying approximately 
as the square of load stress. The reverse lag occurring when 
the load is removed proceeds at a much slower rate than lag 
under load. Curves given in this paper for a typical test show 
that under load ¥, of the total lag measured in 24 hours took 
place during the first hour, while during the first 24 hours 
after removing the load only 2/3 of the return lag occurred. 

One important fact disclosed in this paper is that the factors 
affecting time lag are the same as those controlling aging, in 
ternal stresses being responsible for both effects. This is for 
tunate, for a single heat treating process can then be used to 
minimize both aging and time lag. 

Only recently has it been recognized that this lag effect is 
identical to creep measured under steady loads at high tem 
perature. MeVetty?° reports creep curves at elevated tempera 
ture very similar to the lag curves reported for springs at nor 
mal temperatures.!° As suggested in a discussion by Sayre?! 
of McVetty’s paper, the behavior of these creep test specimens 
should be determined at normal temperature and at one or two 
intermediate temperatures. This procedure, it is predicted, will 
show that the normal temperature lag merges gradually into 
the high temperature creep. In reply to a suggestion by the 


author?! that this high temperature creep was not permanent 
as usually assumed, McVetty?! states, “In general, it appears 
that a creep test conducted at the maximum service test may 


lead to unduly conservative working stresses if no allowance is 
made for periods of less severe operating conditions.” The in 
strument designer and user will recognize in this statement the 
well-known phenomenon that elastic elements show more lag at 
slightly higher service temperatures. 


MANY CONDITIONS AFFECT LAG 

Of course, the designer’s aim is to produce a lag-free ele 
ment using heat treatment only as a final corrective measure. 
\ review of the various investigations relating to time lag 
indicate that residual stresses—and therefore time lag-——are 
controlled by: composition, mechanical condition of the mate 
rial, rolling or other cold working in the manufacturing proc 
ess, and the temperatures of fabrication, storage, testing and 
subsequent service. Of these factors, cold working and tem 
perature are the most important, representing the greatest 
opportunity for improvement. By control of shop processes and 
the use of a stabilizing heat treatment (see Fig. 4) the lag 
effect can be reduced under some conditions to 1% of its 
original amount. Additional but less effective reductions can 
be obtained by reducing working stresses as well as by limit- 
ing the length of time the elastic element is under load. 





Since lag increases rapidly as the operating temperat 
proaches the annealing point, a composition providing a 
spread between service and annealing temperatures 
lag. Although there is but little information on this poi 
here that the most favorable opportunity exists at pre 


further refinement after full advantage is taken of heat 


ment, shop control, minimum working stresses and 
operating temperature. 

Among the several attempts to explain lag effects, t] 
successful one to date is given in Sayre’s paper “I 


Elastic Behavior’ presented at the 1933 annual meet 


the American Society of Mechanical Engineers.* Accor 
Sayre, isolated slip in unfavorably situated crystals is 


sible for changes occurring at light loads, while heavier 


produce fragmentation on slip planes or at the bound 
these crystals. Upon removal of load, adjacent und 


crystals compel the unfavorably situated crystals to u 


slip in the opposite direction. Time lag is explained 
result of a probability relation, assuming that slip oc 
small steps only at times when individual atomic positi: 


favorable. Sayre’s hypothesis as explained in his co 


paper seems to fit all the facts very well. 
Of the two types of lag, the instantaneous or back-la 
is relatively small and is a function of the composition 


stress. Time lag may be relatively large and is a func! 


residual stresses, temperature and load stress as well 
Corrective measures applying to the first type ar 
while a number of steps are available for reducing ti: 
each of these steps at the same time reducing aging 
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LETTERS TO THE EDITOR 


is something you do not like, or do not believe, or per- hear from you about it. Perhaps other readers feel the 
haps do not understand, write to the editor. Tell him same lack, then the editor will be pleased to have 
all about it. In clearing up the matter he may uncover learned what is required of the magazine, and do his 
something important which is obvious when close at best to fill the requirement. If it is a matter in which 
hand, but at the reader’s distance is obscure. This you personally want a wider background, the editor 
aims to benefit his reader, so you and the editor both may be of considerable help to other readers as well. feels at all times ready to call on all his facilities or 
strive toward a common interest. To the editor your constructive criticism will be help- connections and satisfy your inquiry to the fullest 

Much is gained by the editor in seeing things with ful for future guidance, and will be received with If you know anything new or more advanced about 
the eyes of the reader. So co-operate in your common friendly appreciation. subjects discussed in the magazine, write to the editor 
interest with him—WRITE TO THE EDITOR. Let him Should you miss something in INSTRUMENTS that He will gladly extend your contribution to your fellow 
see in your letter the magazine as you see it. If there you feel ought to be there, the editor would like to readers, giving you due credit. 


The reader and the editor of a technical magazine 
may be unknown te each other, yet they are closely 
connected. The reader seeks to learn and benefit by 
the advances in his field of industry. For that reason 
he follows his chosen technical magazine. The editor 


But There Isn't "One Similar" "Of Value to an Engineer" 


To the Editor To the Editor: 

Please re-instate me as a subscriber ...... I allo 
subscription to lapse and the last copy I have is Mar 

\s soon as possible I will contact my friends and advise them Now, I want to fill the gap ; therefore send me if poss 
of your magazine and unless they are already subscribing to it, missing copies .... There is something I must say for 
or to one similar, I am sure that they will be interested. ments: Although I used to read it from cover to co 
. although the material in it helped me greatly, I did not 
this until I had been without it. My oversight was bene! 
a way, in that I now appreciate the value of this pul 
to an engineer. 


I am in receipt of the copies which I requested and for which 
I want to thank you. 


Thanking you again for your kindness and consideration, | 
im : 
Very truly yours, 
SOUTHEASTERN Gas CoMPANY 
J. W. Trenxke 
Meter Sup’t 


Charleston, iy’. la 


May oY, Id, 


T. WiiiiaMm Ki 
Boston, Mass. 
May 22, 1934 
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Wattmeters and 
Power Measurement 


By PERRY A. BORDEN} and M. F. BEHAR** 


1. Principles 

Indicating wattmeters, as now built, utilize almost exclusively the electro 
dynamic type of measuring element. Up to a few years ago the induction 
principle was also commonly used; but in present-day practice it finds its 
only widespread application in a.-c. watthour meters, where it has reached 
a high degree of refinement. The electrodynamic type of movement, as was 
pointed out, embodies a stationary coil or group of coils, providing a mag 
netic field; and a moving coil free to move to a limited extent in this field 
The reaction between the two systems being at any time proportional to the 
product of the instantaneous values of the currents flowing in their circuits, 
it follows that if one coil be caused to carry a current representative of the 
voltage, and the other a current representative of the current in the circuit, 
the reaction between them at any instant will be proportional to the valu 
of the watts in the circuit. It therefore follows that over a period of time 
the mean value of the reaction between the fixed and moving elements will be 
directly proportional to the power in the circuit without respect to wave form 
or to the time-phase angle between the respective magnitudes. The mean 
value of the reaction, of course, is the torque It is measured with one or more 
springs; therefore the notes on springs at the end of the preceding article at 


ipplicahle. 





SR 

MC 

FC 

Fig. 34-1. Radial field due to short cur- Fig. 34-2. Wattmeter with Fig. 34-3. Elements of 
rent coil (Edgcumbe). spherical field coil (Heap). the indicating wattmeter. FC 


—field (current) coils; MC— 
moving (voltage) coils; SR— 
series resistor; P—pointer; S 
—scale. 


In practice, the fixed coil is usually caused to carry the line current, either 
directly or through a suitable current transformer, while the moving coil, in 
series with a relatively high resistance, has impressed upon it the line voltage 
or the voltage across the terminals of the load to be measured. (Mechanically, 
the fixed current-carrying and field-producing element is usually a pair of 
heavy-wire coils but these are co-axial and in series so that—electrically—they 
are one.) While the inherent tendency of electrodynamic ammeters to produce 
a quadratic scale must usually be compensated for to obtain reasonable pro 
portionality, the natural tendency in the electrodynamic wattmeter is to pro 
duce a scale which would be uniform were it not for the geometrical changes as 
the deflecting member moves to various positions. In the design of such instru 
ments it is customary to proportion and dispose the parts in such a manner as 
to retain as far as possible the property of uniformity. This is accomplished 
by so forming the stationary coil that the moving coil will swing in a nearly 
radial magnetic field. In most American instruments this condition is approxi 
mated by making the axis of the field coil relatively short as compared to its 
diameter, as shown in Fig. 34-1, while in some European instruments the field 
coil is wound in a spherical shape and located within the moving coil, as shown 
in Fig. 34-2, 

The above applies not only to single-phase wattmeters but to “polyphas 

c “Sixth chapter (XXXIV) of Part Seven (Handbook of Industrial Electrical Measurements 
©ontr 1) of Béhar’s Manual of Instrumentation. See editorial announcement of this series or 
licks A of November 1933 Instruments. A complete chapter of this new handbook will be pub 
ashed in each issue of Instruments throughout 1934 and 1935. Each chapter is subjected to 
S Saat revision, and then set in type, shortly before its anpearance in this serial form, in order to 
aor that the subject matter is thoroughly up-to-date. This new book is not published serially in 
ny other periodical, Entire contents copyright. To be issued in book form on or about Tan. 1, 1936 

tMember A.I.E.E. **Editor, Instruments 








A COMPLETE SERVICE TO INDUSTRY— 


Metering, Controlling and Regulating 
Equipment 


—METERS— 


BOILER METERS for recording 
combustion conditions and guiding 
boiler operators. 


RATIO METERS for measuring fuel 
and air to furnaces to guide combustion. 


FLOW METERS for indicating, re- 
cording and in- 
tegrating the flow 
of steam, water, 
sewage, air, gas 
and other fluids. 


RECORDERS for 
temperature, 
pressure, draft, 
speed and other 
factors. Fluid Meter 





—CONTROLS— 


COMBUSTION control to main- 
* tain steam pres- 
i sure and com- 
bustion economy. 





SrTevcenrs to 
regulate pump 
speed, reheat 
temperature, de- 
superheat and 
other factors. 





CONTROLLERS for 
rate of flow,pres- 
ie sure,temperature 

Control Panel and other factors. 


—REGULATORS— 





FEED WATER regula- f 
tors for feed water ? 
to steam boilers. 


PRESSURE regula- 
tors for heating and 
process services. 


DRAFT regulators 
to maintain the de- 
sired draft in fur- 
naces, kilns and 
small steam boilers. 














Complete information on a 
Regulating Valve 


any of the above Bailey 
products will be gladly furnished upon request. 


BAILEY METER CO. 


1041 IVANHOE ROAD @ CLEVELAND, OHIO 
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wattmeters, consisting essentially of two single-phase wattmeter eleme: 





4 HA LL Cc ROS g | a common shaft, pointer and scale (discussed in Section 7 below) ‘ 
DECADE RESISTANCE BOXES | 2. Ratings, etc. 3 
. a. In the foregoing descriptions of voltmeters and ammeters nothing § 
RESISTANCE OOK TYPE €25 | about the limits of their ranges because both ammeters and voltmet : 
| been developed which in conjunction with transformers or amplifiers a1 i 
| ble of measuring over the entire range required not only in engineerit c 
| pure science. Thus there are electrostatic voltmeters for the highest and ; 
| tiometers for the lowest potential differences which are desired to be m ‘ 
| and for current there are special instruments known as surge-crest a1 4 
| ming-bolt ammeters and there also are instruments known as electron ¢ < 
| But power being the product of current and voltage, a single inst ‘ 
| designed to measure the power in a circuit must be suitable at the sa: 2 
| for the values of the current and of the potential difference in the p 
circuit under measurement. Theoretically it may be possible to constru 
meters which would be suitable for the measurement of the short~ 
ora A P | power of a hypothetical storage battery delivering tens of thousands of 
anit : | at a pressure of one volt; or to construct one for measuring the power « : 
The 800 Series Decade Resistance Boxes find a wide | Charge from an “artificial lightning” apparatus. Such wattmeters, | ’ 
"Principal sess: meter multigtlers. brides area, @ would decidedly be freaks; and their use would be confined to highly 
electroni i -- and industrial, school and | ized research laboratories. The current-carrying capacity of a wattmete: Is 
<¢ 7 a ubject to mechanical limitations in the construction of the current I 
_ohim steps ticularly with reference to a proper distribution of current density SI 
eal eles potential circuit is restricted by electrostatic effects, necessitating elaborat n 
No, 827—Total 1,111,000 Ohms systems of shielding. Wattmeter circuits for either voltage or current p 
Size 7” x 4%” x 2%” tremely high values require that provision be made for dissipating tl e 
Se ee a en ee ee developed; and cooling systems must be added to the already complicated U 
design. While wattmeters have been constructed for several thousand amper Ir 


[S|HALLCROss MFG. COMPANY and also for several thousand volts (never, however, in the same instrument) 


Electrical Measuring Instruments it may be said that : amperes marks the practical limit of wattmeter 








and Accurate Resistors carrying capacity and 750 volts the practical voltage limit, and that su 
OO Wat BAPE BOULEVARD nitudes in the instrument proper should wherever possible be avoided. Instr b 
COLLINGDALE, PA . - 3 
ment transformers obviate as a rule the necessity for wattmeters of ext: P 
high ratings. tj 
Since many loads (such as the iron losses of transformers) have a \ 
power factor, there have been made available wattmeters of the type known 4 


as the “low power factor” instrument. The mechanical control forc 


as P EC] A L weak in proportion to the electrical carrying capacities of the circuits, 
4 A i 4 


a full-scale torque may be obtained with an actual power load far below that v 


| NX ST RU M ENTS represented by the current and voltage rating of the instrument. A com: 0 
i N - 4 n . : ‘ 


rating for such instruments permits a full scale deflection with rated 


nen and current at 20% power factor. C 
We cater to the engineer and Wattmeters having a full scale of less than 15 watts are distinctly in ' a 
mie category of laboratory instruments, and their use is generally limited | ti 
to the layman in the matter , ? 
Sn astei- nounced restrictions. 9 
of designing, developing and 
i 
marketing testing instru- . G { 
3. Connections—Genera ct 
ments of all kinds. NOTE ON DIAGRAMS—The apparent lack of consistency in the methods ( 
sentation used in the twenty-five diagrams illustrating this chapter is not accident Yr 
If you have an idea to be be sure, there are standards (partially developed at least) for representing inst t ao 
. 4 in circuits, anc “ se the i or CNé 2S; SY S 1aCK aa 5 treat t 
developed into an  instru- in circuits, and we us¢ hem in other chapters; but symbols lack details and ‘ 
ments as incidentals. Where instruments themselves are the subject of discuss 5 
ment or machine let our ex- are no hard and fast rules for their representation. Moreover, we find it useful t 0! 
. . , duce manufacturers’ agrams < S eC 2S for a re mak 4 
perienced toshnical staff do luce manufacturers’ diagrams and this precludes uniformity Different a tt 
standardized neither on methods of representation of similar elements nor on the n 
the job for you. ment of instrument terminals. The authors’ method of distinguishing betweer 
and voltage circuits, etc. was simply adopted as a good one for illustrating t! Cl 
The number of Thwing text—not as the universally “best” one. (See Figs. 34-3, -6, -8, -12, -20, -25 
’ 27.) Most of the other diagrams are reproduced from Weston instruction bo 
Instrument successes ac- of them with slight modifications 
complished in over thirty In the connection of its measuring system to the circuit under measu: 7 
years’ experience in the the wattmeter possesses the elements of both the ammeter and the voltmete! 
manufacture and marketing The fixed coils, as already stated, are made to carry the line current or a curre! ; 
BR ER ee -epresentative of it, either by being connecte series w at 
of wie tenteaninate representative of it either by being connected in serie with the line f 
, ‘ installations, by being fed through a current transformer of suitable ra 
recommends our services to 
Portable wattmeters may be obtained with their current coils wou 
you. variety of current ranges; and two-range wattmeters, arranged to have 
parts of the current coil connected either in parallel or in series, are 
rhwing Instrument Company and useful instruments. Switchboard wattmeters are practically always n | clu 
3323 Lancaster Avenue, Philadelphia, U.S.A. for 5 amperes in the current coils. In modern practice wattmeters are not us 
of 


j 
q 











often on d.-c. loads; and the shunting of a wattmeter current coil fo 





INSTRUMENTS 
Page 114 — Vol. 7 














‘ - ae = — ; ue | "AUTOSYN“ 
































SOURCE | LOAD | 
> > | ~ . e 
: ) , |  Self-Synchronizing Motor 
. 
a & | 
> ’ v 
> te 2 - : 
ar $ are ma ' 
in bd ; ) 
7 aa Sy (rt é: KID | | 
na 3 & 2 I} EI | 
m P ua , 
® v a) A | 
an J s2 
< & oO } | 
7 ® =< ( ) ) | 
nst < ss | . La | 
5 \|° i) | 
sal a . . — ——_—_—_—_——_——— Uh 3 J) 
Particular Fig. 34-4. Internal connections of Weston Model 432 watt- Fig. 34-5. Single-phase wattmeter 
ruct tt meter. connected directly to line (Weston). 
t \ 
I as : ; 
work is likely to be productive of serious errors due to phase displacement of 
r of | ; - : 
"sig the current in the field windings. ; 
h BS ta | : be As Remote Indicating medi- 
R The moving coil of an electrodynamic wattmeter, being made up of fine wire, 
i kes is readily connected across the circuit through a series resistor, voltage trans | ums in connection with... 
formers being used or not according to the voltage of the system. In well de | 
Peek ol signed wattmeters, care is exercised that the voltage circuit be substantially | TEMPERATURE... 
Slalen non-inductive or that an equivalent compensatiorr be applied, whereby the | ve 
at : phase-angle between the magnetic fluxes produced by the two electromagnetic | Oo 
the heat elements will be the same as that between current and voltage in the circuit | 
mplicated i under measurement. If this refinement is not observed, the accuracy of a watt- | 
J amperes meter, whatever its precision, will vary with different power factor values of | 
‘trument) i the measured load. | 
r current Portable wattmeters, like portable voltmeters, are frequently furnished with | 
such mag several voltage ranges by bringing out taps from a series resistor to suitable | 
d. Instr binding posts. As in the voltmeter, an external resistor is not correctly termed | 
as nee ° ° | 
extr a multiplier unless the instrument is complete and gives a correct scale indica- | 
. ° | 
tion without its use. | 
vel 
| PRESSURI 
ye 
4. Instrument Losses 
ts, so that When a wattmeter is connected in a circuit where power is to be measured, | “30 Sl 997 
low that we have exactly the same condition as is found in the simultaneous connection | a , = 
. commor of an ammeter and a voltmeter. The reading of the wattmeter will differ from | LX 20 _ 
d voltag the true rer by >qual he rer c ither the | \ 20. 
d voltag e true power by an amount equal to the power consumption of either the 4 
current coil or the voltage circuit of the instrument. If the voltage terminals | 
tly in th are taken off the “load” side of the instrument, as at a, Fig. 34-6, the indica- | 
d by p tion will include the power consumption of the voltage circuit, while if they 
are connected to the supply line, as at b, the actual power represented by the 
load will be less than the reading on the scale by an amount equal to the power 
consumption of the current coil. Each of these circuits consumes a few watts | 
is of ret (their total may amount to 5 watts in indicating instruments) so that in the | 
idental measurement of small loads they may need to be taken into consideration; but 
“ae where instrument transformers are employed, as in industrial work, it is the 
t« . . . 
te general practice to ignore their values. Where it becomes necessary in the use 
il to rey =) of asimple wattmeter to take these losses into consideration it is the better prac: 
ake | tice to connect the instrument so that the voltage coil losses are included in the 
ned 4 ‘r . e 
ae i } reading as at a in Fig. 34-6. These losses may be computed more easily than the 
L . cent es & atl > . aU > > to . > F > e > " , 
the | | current coil losses, and may be deducted from the reading of the instrument And hundreds of applications where 
. 4 
) Remote Indications are desired. 
% mee -g —> . ' 
s —> — — x © Operates 32 volts A. C., 60 cycles, 
su eS — = (NV) \— ETN Le. ? 
; 4 VV 7 VVY VVYU single phase © Two or three Indica 
voltmeter i as q 
+ current i -— sais " (000 > " tors may be operated from a single 
a curr” Gi yx | % v ~_ ) ; 
ir 1 - . S 2 + S ‘ « a transmitter © Write for data. 
= oO : , oS i - c + | 
b it i¢ =) Pe, i 
aioe > < = PIONEER INSTRUMENTS 
tv = a eet Ces | 
iN oe —_—s fot ™ Pioneer Instrument Company Incorporated 
: (a) Voltage circuit loss in- (b) Current circuit loss in- (c) Voltage circuit less rIVN : / , 
he ; Cluded in reading. cluded in reading. compensated out. BROOKLYN, NEW YORK # 
n yse 
. Fig. 34-6. Losses in the wattmeter. Full arrows indicate flow of load current; dotted arrows indicate flow A Subsidiary of the Bendix Aviation Corporation 
f of voltage coll current. 
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' RANGE © 
Z 
| - 
5 
| a 
| & ‘gabenteeetinetine, 4 -— oY 
UNCOMPE NSATEO s i 7 re 
} POSITION ve i Pen seem | fe = 4 m 
= \ 
| pe ae aoe ae any 4 r= 4 
rev = 
HIGH RANGE — ™m 
rr Fig. 34-8. Total power G 
a three-conductor circuit meas 
LOW RANGE | ; U0 ured on two wattmeters 
COMPENSATED 4 Q' ci 
wails le Oe ortea D—Source of d.c. 
Fig. 34-7. Internal connections of a compensated wattmeter (Weston’s A—Source of a.c. 
‘‘Low Power Factor Model 310’’). C—Mixed load. 
For the size and type — these are the 
most powerful, most efficient small | 5. Compensating Coils 
— note, een. a There are available portable instruments having a compensating 
we wg ypes ee a by which automatically corrects for power loss in the voltage coil by provid 
Sonian canons ‘t our sah connection equivalent to that shown at c in Fig. 34-6. The internal conn ; 
i , “ : 
ce about specitic applications. of a Weston single-phase wattmeter embodying this principle are sh 


Fig. 34-7. The compensation is effected by means of a, winding (marked 


99 " . d 
BARB ER -COLMAN pensating coils”) connected in the voltage circuit, having the same effectiy , 
COM PA NY number of turns as the field coil, and wound in such a direction that the cu t 
rent in it is opposite to that in the field winding. The current taken by 
ROCKFORD, ILLINOIS Ic S Oppt x O i I Cc Cc windings S ca Cc iKen : | } 


potential coil, flowing in this auxiliary winding, exactly neutralizes the 





+ i} 


of the same current flowing in the main field winding, so that the net 
of the voltage circuit current upon the indication of the instrument is nil. A 1 

ee eee the instrument shown has also provision for connecting two sections 
current coil either in parallel or in series, thus providing two current 

the auxiliary coil is similarly subdivided and connected to a compensati: 
FLUAMETERS switch, which must be set to correspond to the current coil connections. 1 
FOR MEASUREMENTS OF switch has also a third position, in which the compensating winding ma 
MAGNETIC CIRCUITS cut out of circuit when using the wattmeter with instrument transformers 01 , 
when checking the accuracy of other instruments or when the wattmeter it | 
is being checked (or in other work where the compensating coil is superfluous) 











6. Polarity Precaution 

The connections of a wattmeter to a circuit should be made in such a 1 
ner that no appreciable potential difference exists between the stationary 
moving coil. Such a potential may cause errors due to electrostatic stre 
beside endangering the insulation where clearances are very small. An 
ment used without transformers should have the moving coil of the \ 
circuit connected to the same conductor as that in which the current 





placed, the series resistor being connected to the other side of the circuit. Most ' 
makers provide distinct markings whereby the sides of the voltage circuit 
be identified and properly associated with the current coil. 
These meters are strictly portable and can be 7. N-wire Circuits | 
ised in laboratory or the field. Special search gis 
made > suk any CORNERED, oe elec (a) Principle | 
Rawson meters are the only ones having two The whole power in any two-wire circuit will be measured by a watt 
ot Pipes imcagage Pion joerg a Rhee having a single current coil connected in series with either side of the lin 
Clamping does not accomplish this purpos its voltage coil connected across the load, as in Fig. 34-5. It may be | 
7 dncemenagga gg: reece lee omy seni mathematically* that in any electrical circuit of n conductors the whole a 
for AC_& DC, Fluxmeters, Electrostatic Volt of power passing through the system may be measured for any condit : 
Se ee ee So ee n-1 wattmeter elements having their current coils in series with n-1 of t 
Thermocouples, Earth Current Meters, Cable conductors and their voltage circuits connected from the lines correspon 
eat a the respective current coils to the one conductor which does not pass t 
yee RAW SON eee any current coil. 
— eo = It is interesting to observe that this fact regarding power measurement Ids , 
Branch: 91 Seventh Ave., New York City true however different in magnitude, wave-form and phase position m - 
Representative: E. N. WEBBER the currents in the several conductors. In fact the currents need not be °! ¢ — 


Daily News Bldg., Chicago, Ii. 











*Karapetoff. Experimental Electrical Engineering, 3rd Ed., Vol. I, page 131, par 
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Fig. 34-9. Two-wattmeter method of 
— a measuring power. 
-— _—4 
Fig. 34-10. (at right) Electrodynamic 
measuring element of Roller-Smith ‘‘Type | 
fal power in GSA” polyphase wattmeter. 
circult meas- | 
neters. } 
| [SIPHON PRESSURE 
| GAGES 
*Protecting shields which do not interfere with 
| visibility... plus sturdy body construction. .. 
; } ; 
same frequency; and as an extreme instance may be cited a system of conduc | reduce breakage to a negligible factor. All 
u ; . Lied ee of Gee ents are direct and some alternating, when it metal chromium plated on nickel over brass. 
Te ; tors 1n Ww uch some O 1e curren S are ec . i es ‘ ¢ Q, 5 , } Two types... Bent Glass and Straight Glass. 
teed will be found that the total of the measurements of the several wattmeter ek | | Por water or mercury, inches or pounds. 
“a0 - ments is still in proportion to the value of true power in the circuit. Such a | | Catalog AG-5 also describes High Pressure 
+e " ‘ case is shown in Fig. 34-8, where a d.-.c. supply D and an a.-c. supply A have | Differential Gages, Recording Gages, etc. 
a common conductor. The wattmeter Wz, connected as shown, will measure 
effectiv es ye tore erence ale ageaganieanalen agit 2Ahape weg AMERICAN METER COMPANY 
the d.-c. power, and the wattmeter W,, the a.-c. power, so that the sum of : se imsaronati sO ; 
. y —_ . . casurement and control of Gas, Oil, Steam, Air and Liquids 
the cu their indications will represent the total power in the three-conductor circuit seiamsinee 1430 
n by t! - - : E : GENERAL OFFICES: 60 E. 42ND ST..NEW YORK. t 
i Moreover, if a load be connected between the two remaining wires, as at C, the 
he eff power consumed thereby will be a mixture of d.-c. and a.-c. of which the 
eA 7 former component will be measured on the instrument W, and the latter on 
5 nu As ' W,, so that the total will remain correct, and the sum of the indications of the | 
abeaaliban two instruments will continue to represent the total value of power in the 
ta system. | 
— MANUFACTURERS’ 
3 | 
yns. T 
my bk 7 NEW LITERATURE 
fovect 
rmers — : ‘ 
sags In this department we each month list 
‘ale a a | the printed matter issued by manufacturers. 
rfluous) 5 | Unless otherwise noted, any of the items 
0 | listed may be secured free upon applica- 
| tion to the issuing firm. Manufacturers who 
| have not yet sent in their printed matter 
1a | are invited to do so. 
lary and | 
stress | 
1 inst R172 General Radio Experimenter. 
volta Neutral | The March 1934 issue contains the fol 
4 lowing articles: The Measurement of a 
coll | si ll Inductance (Constant-Induet ice 
. ‘a Fig. 34-11. Connection of a polyphase Fig. 34-12. Three-wattmeter method of power measirement. | aaiabaea Taking Slow Mot es lees , 
it. Most a wattmeter to a 3-conductor system. with an Ordinary Motion-Piecture Can 
| : >. ‘ ) 
uit | era. General Radio Company 0 
| St., Cambridge A, Mass 
B B173 Adjustment and Operation of 
ae Modulators. A booklet of operating 
k (b) Two-wattmeter Method data telling how to measure modula 
a tion accurately so as to prevent di 
: . - : “ tortion, over-modulation and other 
The most common application of this principle is found in the “two-watt iahawant trombles of poorty desianed 
sttmeter ' meter method” of measuring power in a polyphase three-wire system by Westineuanes “Mien a Mawurenturine 
‘ne. and » means of two single-phase wattmeter elements, the connection being as shown Co. ast Pittsburgh, Da 
page eS : . Ss . . . + ” (174 Quiet Operating Motors. Ir 
nroved F in Fig. 34-9. This practice is universal to a degree that the “polyphase” watt- ecikienies aan oe  aieeedionas 
ss meter, consisting of two single elements on a common deflecting shaft, is widely i aig ave sees Caer B aw ag me 
ne > ‘ 7 J a Z yraries, ¢ ( any yt s oO arge 
‘tion b employed for electrical testing and for switchboard installations, and is prob- public buildings it is essential that 
\ : . =< ‘ >. there be 0 objectionable noise yg 
the line ably in more general use than is the single-phase instrument. Fig. 34-10 shows Saal tiniek daauetion tae wmathed 64 
t the measuring element of such an instrument; and the basic connection diagram oe ao oe cece Beeners for 
, 5 e 3 ‘ ; . ‘ , ; a quietness, 1ei7 distinctive features, 
throug of a polyphase wattmeter is shown in Fig. 34-11. While an analysis of circuit construction, application and control 
~, PR, ° C Tes gzghouse Elec. & Mfg ‘Oo as 
conditions will show that on a polyphase load the power factors of the loads ae ee ee 
¥ in the respective elements may differ from each other and from that of the ele ene. Beste Geen, Leades 
} . . = ‘ ‘ ‘ describes 1e automatically controlles 
sey total load, it will not alter the fact that the total load in the circuit is rep- electric drying oven of E. H. Sargent 
rese ‘ ' > > . > parla - . ae = 5 . . & Co., 155 E. Superior St., Chicago, Il 
sented in magnitude by the wattmeter reading: the principle of the method aie galls’ theten, “She  Rarwent 
of measurement automatically allows for divergence of phase angles in the cone drive stirring motor is adapted 
indi id 1 l to all general requirements for agita- 
vidual elements. tion and motive power, and is particu 
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larly fitted for rotating electrodes, : 4 . 
ces (c) Special Connections 



































driving calorimeter stirrers, etc. E i 
Sarge nt & Co., 155 E. Superior St., Chi- The diagram shown in Fig. 34-11 may also be applied to the measu 
cago, m ? 
Bil? The Matmessing. The March of the total power in a d.-c. or single-phase three-wire system, or in 
93 ssue o : a 4: ‘ont: s “2 ~.-UNTe Circ , >lo > , ster ale , > ’ 
the fiona ae oe coe phase three-wire circuit. The two-element wattmeter also provides me 
Properties of Spring Steels” and “Can performing with a high degree of flexibility practically all measurements t 
Production Lines be Far Behind?” Wal- ; } J : se : . " ; 
ince amnae to. Benak Came may be made with a single-phase instrument. Some of these applicati 
B178 Rheostats, The April issue of shown in Figs. 34-13 to 34-19, inclusive; and others will suggest thems 
the Ohmite News illustrates the com- 
plete line of Ohmite all-porcelain vi- f 
treous enameled rheostats. Ohmite Mfg ' —_ _ _ . 
Co., 636 North Albany Ave., Chicago, I1] eet Riegewewes e vace 
B179 Cooking Thermometer. Attrac- . — * k - : : 
tively printed leaflet lists the 12 fea- aaa? = | a 
tures of the new Taylor thermometer ‘1 | WD icv 
Taylor Instrument Cos., Rochester, N. Y , — 
B1s0 Resistance Thermometer, Cata- e t { 7 
log 9001, a new 32-page catalog fea- : | 7 . w! 
turing the Brown resistance thermome- meet) \ | ' * 
ter for measuring temperatures from gg { I: 4 
300° to +1000°F. Brown resistance ws s AG ) 
thermometers are available in indicat- fo* Tt | i 
ing recording and controlling types . 3 ¥ 4) itets mae Jofed | 
and have many new and improved fea- - Ld dot / oh 





tures such as: Universal case; electric 


: os - — 
, LOO & 
chart drive: combination door handle Fig. 34-14. Current coils in po | z 








and lock, and toggle switch for chart series. Total current should not aie 
drive Brown Instrument Co., 4482 exceed carrying capacity of each 
Wayne Ave., Philadelphia, Pa. Fig. 34-13. Current coils in individual coil. This connection to Fig. 34-15. Instrument con 
B181 Thermostatic Valve. 4-page bul- parallel, giving a total current be used for low wattages, and nected to line through a current 
letin describes the Lawler thermostati« capacity equal to that of both readings should be multiplied by transformer, current coils in par ; 
tempering valve for submerged coil coils. 0.5. allel. 
type heater, ete. Lawler Automatic 
Controls, Ine., 50 Putnam St., Mount 
Vernon, N. Y. —— = —_— 
B182 Controllers, Bulletin C, 24 pages wane Lose 





on float type liquid level controllers names : — 
Kieley & Mueller, Inc., 34 W. 13th St., 
New York, N. Y¥ 

B183 Control Relay. Bulletin 20 de- 
scribes the Faratron “invisible control” 
relay. Lumenite Electric Co., Old Col- 
ony Bldg., Chicago, Il 

B184 Thermostat. Bulletin 67 illus- 







































































trates and describes the No. 261 Cabi- | 
net Thermostat for enclosure” type } 
heating, cooling and air conditioning { 
units. Detroit Lubricator Co., Trumbull Oe | 
and Lincoln, Detroit, Mich | | 
Bi85 Ceneco News Chats. The April | | | 
issue of this house organ contains tO, | 
considerable information on the activi- oe Te) i | | 
ties of the Central Scientific Co., Chi- — a 7 
cago, Ill ————-——s 
B186 ¢ omfortrol, Bulletin © describes Fig. 34-16. Instrument connected to line through a Fig. 34-17. Instrument connected to line through a 
the Comfortrol, a device which embo current transformer, current coils in series. voltage transformer, current coils in parallel 
dies a temperature sensitive element 
and a relative humidity sensitive els 
ment so interlinked that it is possibl: 
to vary the ratio of 2 factors of tem- a | 
perature and humidity going to make pate I vese 
up effective temperature. Julien P. Friez 
& Sons, Inc., Baltimore, Md. = — - on 
BIS? Gage Blocks and Accessories. cia f R000) Tree 
Catalogue No. 10, a 36-page book, lists Teansroames ON, er own 
the various gaging system sets, and a J 
accessories Prices are given. Ford = a 
Motor Co Johansson Division, 3674 
Schaefer Road, Dearborn, Mich pevewtia, — 
B188 Microscope Iluminators. 16-page emeeenen = 
booklet describes the various types of EF 
microscope illuminators sausch & . 
Lomb Optical Co., 635 St. Paul St., 8 ‘<3 
Rochester, N § 3 
B189 Thermostatic Expansion Valve. r+O* ' 
Leaflet describes the type No 67 LOO > 
thermostatic expansion valve. Detroit | — 
Lubricator Company, Detroit, Mich , a cteenteneenitiiansiees 
B190 Balopticons. 6-page leaflet illus- Fig. 34-18. Instrument connected to load through a Fig. 34-19. Instrument connected to load through 
voltage transformer, current coils in series. both current and voltage transformer. 


trates the automatic balopticon. Bausch 
& Lomb Optical Co., Rochester, N. Y. 
APPLICATIONS OF TWO-ELEMENT WATTMETER ON TWO-CONDUCTOR CIRCUIT. 





INSTRUMENTS, 330 W. 42nd St. , 
the experienced user. An interesting application of the two-element watt! 


New York City is found in the determination by a differential system of measurement 

Please have me supplied with a copy of power losses in transformers, motor-generators or other pieces of apparatus 1! 
each piece of Manufacturers’ Literature which both input and output are carried in a two-wire circuit. A typical con 
listed below. nection for this purpose is shown in Fig. 34-20. A two-element portable watt 
meter is connected so that the d.-c. input to a small motor-generator set passes 
Sane Sha sale WES RESO TET SR RAC SER NOK through one element of the instrument in a sense to give a positive rea 
and the single phase output passes through the other element in a reverse 
If the switch S in the voltage circuit of the output side be opened, the watt 
pray eeivemanne sas st meter will indicate the input to the machine. When the output side is made 
operative the reading will decrease by an amount representing the value 0! 
ms output, and the losses will be indicated on the scale. With a high-grade : 
Position. ..... 1... e.seeeee eee eeeeeeeees ment, this method makes efficiency determinations more simple and more accu 
rate than when separate measurements of input and output are made.* 





SN. ss in nied Sa kaaah shan ee aed 





RR Sie 08” eile Rabe empryy 9 nea, © Une 
*For amplification of this method see the following articles by Borden: Determination 
Street and No................ eee eeeeees former Losses, Electrical World, Vol. 68, 1916, page 716; Measurement of Maximum I 
’ Transactions A. I, E. E., Vol. 39. 1920, Fig. 1, page 1851; Balance Methods in A.-¢ 
TPE a Ppt Pee RE rer & ments, Transactions A. I. E. E., Vol. 42, 1923, Fig. 9, page 400. 
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IVE vears’ research and development 





Fig. 34-20. Determination of losses in motor-generator set 
with two-element wattmeter. { have resulted in this new spring 
- scale, said to minimize or eliminate 
Fig. 34-21. Single-phase wattmeter with | ' - altogether some errors which, in previous 
current transformer. I. designs and with previously-used materi 
|“ b) || us, arose from four sources: (1) Spring 
- ~ material, (2) spring ‘Sig ‘ . 
» (2 spring design, (3) mecha 
Wiri nism, (4) parallax. In this work, the 
Se ena (d) ‘iring efforts of A. \V deForest, consulting 
strument con In the April article on Instrument Transformers it was stated that in the | preven wa of Prof aM | Seve 
c k ° - i nior ck we, were “( ined wit 
Pr current connection diagram the instrument transformer might be treated as though it sl ial the ett . ane . a oe h be 
S In par ’ = ~ 1 , 5 Ea 5 ! i « ers researc ( 
were replaced by a resistor. Comparing the diagrams shown in the present development. staff. The new springs are 
chapter, it will be noted that in those instances where two diagrams differ only called “Iso-Elastic”; the new seales “Iso 
——— in the presence or absence of instrument transformers, as Figs. 34-5 and 34-22, Seal. 
= the transformers could be replaced by resistance units without affecting the | y 2 Reduction of Spring Errors 
£ th t I } diss is : fae nated! Deviations from true load-deflection pro 
%).. polarities ot the connections. in those lagrams Which are given for portable portionality fall into four types: (a) 
: - instruments, the secondary leads from different instrument transformers are | ‘Temperature coefficient of the modulus 


TD U Memeudet) 


of elasticity. Usually compensated by the 
use of a bimetallic element, but this may 
introduce new errors. (b) Non propor 


generally kept separate, while with switchboard instruments, common wires 
are used fairly frequently. The principal reason for the latter practice is one 





of economy; and where the use of common wires does not interfere with accu | tionality between stress and strain at all 
| rate metering, considerable savings in conductor and conduit may thus be loads. Usually corrected by hand-gradu 
effected. See Fig. 34-25. While it is good practice to ground the secondary cir- | ated dials, hand-adjusted racks or link 
cuits of both voltage and current transformers, thus reducing both systems to | ey ete oo Creep pees ng int load, 
he ‘ : ; 4 or lag oO strain in relation to stre 

: a common potential, it is unwise to use a single conductor as a common return causing a slow increase in scale readine 
for both sets of wiring. If this is done, the potentials due to secondary currents With hardened steel springs working at 

ne through a flowing through the resistance of the common wire may be superimposed upon maximum fiber stress of 50,000 Ibs./in 
_ the secondary network in a manner to cause considerable errors in the indica =n der ages: Se rp te 1% in 24 hours, 
* ie greater part ot the creep occurring 

tions of the connected instruments. a 

; | during the first few minutes. (d) Hy 
mm steresis or “back error,’ manifested in 
" (e) Three-wattmeter Method step-by-step loading and unloading curve 
‘ . - - forming a loop instead of a single line; 

While the general formula for measurement of the total power in a circuit | yp ic epee vo ao seg Be Dey + caption 
P | Ss . i oO ry or, 

of n conductors requires a wattmeter system having n-1 current coils, there are | varying widelyit may be about 0.259% 

a number of special cases where, with limitations, simpler forms of instruments of the maximum deflection. Temperatur 

} error (a) is absent in a new. ferrou 


may be used. It is evident that the total output of a three-phase generator will 


iloy of the Elinvar’ type, le loped 
be correctly measured by three single-phase wattmeters connected in the three A Bige ork igs spas coe 


under the direction of Mr. deForest, 


line wires, with their voltage circuits connected to the neutral point of the gen- | containing 36% Ni, 8% Cr, with a total 

erator, Fig. 34-12, whether the neutral conductor be carrying current or not | of 4% of other elements including Mn, 

It is further evident that, so long as the currents in the three phases are of equal [| 7% Mo, Cu oe Va old-drawing reduces 

magnitude, giving a balanced load, the readings on the three instruments will | “se ee 19,000 to 60 000 It : ei 

“on be equal in value, and that therefore two of the units may be removed and | then a moderate-temperature he aren rae 
3 the indication of the remaining instrument multiplied by three to obtain the | ment stabilizes the spring, reducing creep 


error (c) to less than 0.02% and bhael/l 


total load. So-called “balanced load” wattmeters, having their scales calibrated 
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Fig. 34-22. Single-phase wattmeter with Fig. 34-23. Polyphase wattmeter with current transformers. 








beth current and voltage transformers. | 
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error (d) to less than 0.04%. Errors of 
non-proportionality (6) are minimized 
by new design resulting from mathe 
matical analysis by Prof. Sayre who 
proved that in helical springs they are 
the product of three factors: 


(6) 
PR2 GJ 
3—2—~ )(H? + HH, —2H.?) 
38GIL El 
where P load on spring; R initial 


tension modulus; G 

torsion modulus; / moment of in 
ertia in bending; J stiffness factor of 
wire in torsion (polar moment of inertia 
for round wire); L developed length 
of wire in spring; H total height of 
effective portion of spring; and /1, 
initial height of effective portion of 
spring. The first and third factors can 
be controlled in the general design of 
the spring but neither can be reduced 
to zero. By properly choosing the shape 
of the wire in relation to the elastic con 
stants of the material, the factor GJ/H/ 
can be made to equal 1.5 and the theo 
retical deviation throughout the full range 
of the spring made equal to zero. This 
calls for a wire with a rectangular cross 
section. Since, however, the elastic con 
stants differ slightly from wire to wire 
and since the behavior is also affected 
somewhat by variations in the values of 
@ and FE under load, each spring repre 
sents a complete design problem starting 
from the original equation. Application 
of this method is said to reduce non 
proportional deviations () to less than 
0.01%. Since a helical spring twists as it 
extends, additional errors are introduced 
by friction at the end supports. In the 
“Iso-Seal” scales the “Iso-Elastic” springs 
are each made up of two springs coiled 
in opposite directions (see photograph) 
so that the twist of the pair at its sup 
ports is zero Final result: The total 
deviation due to (a), (6), (c), (d) and 
coil twist, is said to be 0.08%. Manu 
facturers report also that new springs 
“have shown no fatigue after a million 
rapidly repeated deflections.” 

Mechanism—To utilize new springs 
to full advantage, manufacturers devel 
oped new type of scale mechanism. This 
phase of the research entailed “a radical 
revision in manufacturing practices,” in 
which accurate tools of mass production 
were substituted for dependence on high 
ly skilled handicraft. The entire appara 
tus consisting of transmitting and indi 
cating systems and including pinions, 
racks, and dials, accurately meets condi 
tions of no load, part load, and full load, 
it is said, better than previous handiwork. 
The novel dash-pot, used to cushion 
shocks of sudden loads and to bring 
pointer to full stop within a second, is 
believed to have applications other than 
in weighing apparatus. 

Parallax — This error occurs fre 
quently in use because few scale users 
are trained to sight perpendicularly to 
dial. It has been minimized by locating 
in one plane the pointer and the gradu 
ated outer dial surface. 


radius of coil; 





Temperature Controller for 
Variable-load Processes 
Emil T. Johnson Regulator Co. 


HREE bulbs connected to one con- 
troller body—such is the novel ar- 
rangement of this new self-operating 
temperature controller for steam-heated 
continuous processing equipment such as 
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in terms of total load, and intended for this type of connection, are a 
and have found a considerable application, particularly in European | 
but, since any type of inequality among the several phases will i: 
errors, instruments which require a balanced load on the system s!} 
looked upon with suspicion. 
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Fig. 34-24. Polyphase wattmeter with both voltage and current transformers. 


(f) Four-wire Systems 

While a strictly accurate determination of the total power in a thr 
four-wire system would require the three-wattmeter method shown 
34-12, it is possible to perform a satisfactory measurement of such a load 
most conditions with a two-element instrument. This js done by passing 
each of the current coils in the wattmeter the resultant of currents in tv 
ductors, and connecting the voltage circuits from two lines to the neutral 
system. See Fig. 34-27. Because each current coil is required to carry 


sultant of currents flowing in conductors which are at different potential 
is essential in this method that current transformers be used, whateve: 


magnitude of the load. With this system each of the two wattmeter ek 
is caused to measure not only the power in its corresponding phase, but 


tion of the power in the remaining phase. With the delta connection ot 


rent transformers, each element of the wattmeter receives the resultant 
of the line currents—one of these corresponding to the voltage u 


element, and the other (reversed) to the potential which is not carried int 
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Fig. 34-26. Measurement of power in 3-phas 
system, using instrument transformers, with 
wire in voltage transformer secondaries. 


Fig. 34-25. Connections of switch- 
board wattmeter, using common wires 
in instrument transformer circuits. 


wattmeter. Thus each current coil carries a current which is the vect 
ference of two of the line currents. On a balanced load at unity power: 
each of the currents would be equal to \/3 times the current in a singh 
former, and the currents would be 60° apart. 

If the voltage in the third phase is the reversed resultant of the volt 
the other two phases, the latter will have the same effect upon the con 
of current from that phase which flows in the two current coils as tl 
voltage would have, were it to act directly upon one coil carrying curren! 
the third transformer. The same result, therefore, is obtained from thi 
bination as would be from three wattmeter elements connected one 
phase of the system. 
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The wiring diagram for a three-phase four-wire system of measurement may 
jeveloped from the three-conductor system in the following simple manner: 


(1) Prepare a diagram for the standard method of measuring a three-phase 
vire load with instrument transformers (Fig. 34-26). 


three 
(2) Add the neutral of the power system to the diagram, and transfer the 
in or “middle” potential wire to this neutral 


“omm 
(3) Add a current transformer on the third of the line wires (in practice, 
rse, the same ratio as the original transformers). 


of cour: 

(4) Without otherwise disturbing the current wiring, complete a delta 
‘onnection of the three current transformers, thus obtaining the diagram 
shown in Fig. 34-27. 


Some meter manufacturers provide for use on four-wire circuits a self-con 
tained type of watthour meter having an internal connection which is equiva 
lent to that obtained with the delta connection of current transformers de 
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Fig. 34-28. Diagram of internal connections: 
3-phase, 4-wire vertical 2-disk type watthour 
meter (Sangamo). 


Fig. 34-27. Measurement of power in a 3-phase, 4-wire 
system, using delta-connected current transformer. Diagram 
developed from Fig. 34-26. 


scribed above. A diagram of the Sangamo two-element watthour meter for 
four-wire circuits is shown in Fig. 34-28. Each element of the meter is equipped 
with two relatively reversed current windings, so that the net electromagnetic 
effect due to the joint action of the currents flowing in an element is that which 
would be produced by the resultant of the two currents (one being reversed) 
flowing in a single winding in that element. Since this relatively expensive type 
of construction is not necessary where current transformers are available, the 
principle is confined almost wholly to use in watthour meters where a maximum 
simplicity of external wiring is imperative. 

The legitimacy of the two-wattmeter method of determining the total power 
in a three-phase four-wire circuit depends upon the vector sum of the three 
line-to-neutral voltages being zero. These voltages need not be equal, nor need 
the phase displacements between them be exactly 120 electrical degrees. When 
a four-wire supply is derived from a three-wire system by a star-delta trans 
formation, the line-to-neutral voltages on the secondary side of the transformers 
are vectorially similar to the line-to-line voltages on the three-wire side. Since 
these latter voltages give a closed vector triangle, the secondary voltages satisfy 
the condition for accurate power measurement however unbalanced may be 
the primary voltage triangle.* 


8. Scale Readings 

Portable instruments as commonly used in test work generally have their 
scales calibrated to read the actual watts in the instrument windings. Where 
several ranges are provided, as by series-parallel arrangement of current coils, 
or by several taps on the voltage circuit, or by combinations of the above, 
either several sets of numerals are associated with a single set of graduations, 
or else to the basic calibration is applied a multiplying factor suited to the con- 
nection used. In a two-element wattmeter the scale reading is of course propor 
tional to the total of the watts in the two individual elements; and if the instru 
ment is properly designed and adjusted the reading will be independent of the 
distribution of power between the elements. Of course in a two-element instru 
ment having several ranges it is imperative that the two parts of the instrument 
be set to have the same over-all multiplying factor. 

Where a polyphase instrument is used with both current coils in series in 
measuring a single-phase load, as in Figs. 34-14, -16, -18 and -19, it is important 


Cy 
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pasteurizers, where fluctuations mus 
exceed approx. 0.38°F. and must be of 
short duration when they do occur. ‘Two 


t not 


bulb and four-bulb models are announced 
also, but the following description of the 
standard triple type will bring out the 
new principle employed equally by al 
models. Likewise, the following discusss 
a milk pasteurizer but applies equally 
to numerous other counter-flow heat-ey 
change applications in the food and 
industries, where not 
short portion of the continuously-flowin 
stream is permitted to be overheated or 
underheated. 


chemical even 


The main difficulty in controlling a 
pasteurizer arises from the 
(theoretical and 


ously 


impossibility 
practical) ot 
proportioning the rate of B.t.u 
supply to the constantly-varying demand, 


continu 


with only one temperature-sensitive el 
ment (bulb, ete.) 
outlet. The chief 
nounced is the placing of two additional 


located in the mill 
improvement now an 


bulbs, in the circulating water inlet and 
outlet respectively Obviously, the tem 
perature differential between these 

bulbs at 
grees dropped” in heating the milk which 


iny instant represents the “ad 


is in the pasteurizer at the same instant 
two bulb 
results mm so econ 


Interconnecting these (whose 


volumes ire equal) 
trolling the steam supply to the 
ind-water mixing chamber that the 
return water will “pick up_ the urn 
number of Therefore, with 
these two bulbs alone, variations in the 
rate of throughput of the milk, and also 
in the entering milk 


team 


” 
degrees 


te mper iture, are 


immediately detected and result in an 
immediate re-adjustment of the steam 
supply. If radiation losses, steam quality 
and other factors were constant, thi 
pair of bulbs alone would provide good 


temperature control. However, in order 
\ triable ® i 
third bulb (of volume dependiny on the 
particular application ) is 
milk outlet and serves, it is 


to compensate for all such 


located in the 
said, to in 
crease the sensitivity of the entire s\ 

tem to such an extent that control i 
“practically perfect” that is to iV, 
even the highest precision 
dairy recording 


open ( ile 
thermometer on the 
market are not sufficiently sensitive to 
show whatever variations mav exist. Thi 
third bulb is not 


outlet line 


located in the mill 
outside of the pasteurizer, 
but it must be located in the last portior 


of the milk line which i till surrounded 


by circulating water. When this mill 
bulb is SO inst illed, the control l iid 
to be so effective that the flow of mill 
may be stopped iltogether, started again 
and so on, without appreciable effect 

being recorded on an open-graduatior 
chart. The body and steam valve of th 
new 2-, 3 and 4-bulb) controller ire 
similar in censtruction to those of tl 

single-bulb model (Instrument Ma 


1934, page 97) 





Portable Gas Calorimeter 
The Hays Corp. 


© special training i required to 


determine the heating ilue of 

gas by means of this new instru 
ment. The first test on any day take 
about five minutes; others the same da 
from one to two minute Only a small 
sample (5 to 25 ce.) is” required Ihe 


sample is mixed with air and exploded 
i urrounded by 
of high ten 


xpansion whiel 


in a calibrated burette 
jacket containing a liquid 
perature coefficient of e 
the heat of explosion Cause to rise ir 
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a capillary. 
ried out with oxy-hydrogen (of 
heating value) which is generated in the 
instrument by the electrolytic dissocia 
tion of water. Since the two gas samples 
are tested under the same conditions, no 
corrections are necessary and the result 
is obtained through a simple calculation 
The Hays Portable Gas Calorimeter may 
used for safeguarding 
systems by testing the explosive proper 
determining ex 
adjusting gas burners for 


\ parallel test can be car 
known 


also be sewage 
ties of 
plosive limits; 
correct air-gas mixtures, etc 


sewage gases; 





Portable Testing Machine 
for Welding Work 
Air Reduction Sales Co. 


N fabrication and in pipe line work, 
engineers now consider it essential to 
know the actual strength of welds as 
Difficulties of shipping 
specimens to testing laboratories have 
created a demand for a compact, accu 
rate and portable testing machine. The 
Airco Portable Tensile and Bend Testing 
Machine weighs about 200 Ibs. and can 
be carried to the job, where welded speci 
mens, it is said, can be tested rapidly 
and easily. It consists essentially of an 
oil pump, a hydraulically actuated piston 
heads fixed and one 
for gripping the test speci 
mens, and four symmetrically located 
steel shafts, two of which transmit pis 
ton motion and load to movable head. 
The other two shafts maintain the align 
ment of the two heads, and prevent in 
troduction of bending stresses in the 
tensile test specimen. Load on test speci 
men is indicated on a high-grade 6” 
pressure With a few strokes of 
the operating lever, after the specimen 
is set up, the operator can apply a di- 
rect load up to 40,000 Ibs. to specimens 
10” long, up to 4,” thick, and up to 
114,” wide. Then, by using specimens of 
smaller cross-sectional areas than the 
maximum 114” by 1%”, loads equivalent 
to 150,000 Ibs./in.2 or higher can be ap- 
plied, so that all steels can be tested. 
Stroke of movable head is up to 23,” 


they are made. 


or ram, two one 


movable 


gage. 
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to observe that, since the one load may be 
one instrument, the indication on the scale will be twice that represe: 
load; so that, after applying such multiplying factors as may chara 


said to be measured tu 


connection system, the reading must be halved to obtain the 
In an instrument connected on a polyphase circuit, as in Fig 
total power in the system is divided into components, each of whi 
once subjected to the process of measurement, so that the true powe: 
represented by the reading on the scale suited to the range for whicl 
is Set 


ASIC 


sult 


it 


ment 


9. Application of Instrument Transformer Ratios 

Where instrument transformers are used with a wattmeter, tl 
tween the magnitude of the true power flowing in the measured 
that in the circuits of the instrument will be equal to the over-all 
transformation, or the product of the current transformer ratio by th 
For instance, if a wattmeter receives its 
150/5 current transformers and has its potential coils excited throu 
115 voltage transformers, the over-all ratio of transformation will be 
2300/1115 600; so that 600 kilowatts flowing in the line would hb 
sented by 1 kilowatt in the instrument. A wattmeter intended to kh 
nently used with the same instrument transformers, as in switchboar 
tice, is generally calibrated to give a direct reading of the power 11 
In the above case, while the actual watts in the instrument to produ 
scale deflection would probably be 1000, the scale as calibrated w 
to 600 kilowatts. Portable instruments ordinarily require that their s 
cations be multiplied by the over-all ratio of transformation; and the st 
of an earlier paragraph to the effect that the reading does not requir 
corrected for the inherent difference between phase-angle in the 
elements and phase-angle of the measured load is applicable to any of th 
of instrument transformer connection described, so that, beyond possib] 
in the transformers, the only multiplying factors applicable to the watt 
readings are those representing the ratio of transformation and th 
associated with the range of the instrument itself. The authors have not 
stances where it was thought, because two (or more) current transforn 
voltage transformers are used in measurement of polyphase loads, that : 
be necessary to apply a multiplying factor of 2 to the transformatior 
The explanation given above, where it is made clear that each measurit 
measures but once its allotment of the load, will serve to show that 
misapprehension 


transformer ratio current 


10. Selection of Transformers 


In the selection of instrument transformers for a given load or circuit 1t q 


obvious that the combination should be such as to give a maximum 
cation on the wattmeter without the probability of exceeding the 
times of maximum load. It is not good practice to connect the 5-amper 
ondary of a current transformer to a wattmeter current coil intend 
lower range. Voltage transformers should be operated at or near th 
voltage. When a permanent installation is made where it is known 
load will subsequently be increased beyond its present value, it is well 
ever possible, to select current transformers having ratios suited to tl 
load, and to change these as the load is increased (changing, of cou 
wattmeter scale to correspond). Two-range switchboard current trans! 
designed with this practice in view, are obtainable at a slight increas 
over single-range transformers. 

Although most readers may consider it self-evident, it is not supertl 
conclude with the statement that wattmeters, ammeters and voltmete: 
be used simultaneously on the same instrument transformer installatio: 





The Engine Indicator ...its Design, 


Theory and Special Applications 
By K. J. DeJuhasz 300 illustrations 


Modernized treatment, for users of (1) modern engines, (2) equip 
ment in which variable pressures—or forces and motions in general 
are of importance. 


240 pages 


Price $3.75 incl. 1 yr. subs. to Instruments (or 1 yr. extens 
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At left, instrument switch, At right, control switch, 
cover 


ILLER-SMITH COMPAN 


I Electrical Measuring and Protective Apparatus] 


place. 


construction; all parts are accessible and operation 


WORKS 
sethlehem, Pa 


Sales agencies in principal cities {nm U.S.A. and Canada. 


ROLLER-SMITH 
Type R Rotary Switches 


Instrument and Control 


These NEW Switches are recommended for all in 
strument uses, also for use with all styles of circuit 
breakers and other electrically controlled appara 


tus. They are easy to mount; simple and rugged in 


is unusually smooth and reliable. 
The line is complete. 


Send for Catalog J-9. 


NEW! 











L 


imple for nearly all materials. Operation 
requires little effort. Readings are ac 


curate to 2%. For bend test, machine 
is provided with an anvil which fits into 
movable head and bends specimen against 
a pair of supports set 3” apart and cast 
integral with the body. Easy portability 
is a feature: solid hardwood base on 
which machine is mounted forms part of 
packing case. Sides and top of case are 
assembled with screws. A few minutes 
with a serew-driver frees machine for 
use or packs it for shipment. A separate 
box contains the gage, carefully packed. 





Diameter Model of 
Automatic Inspector 


Electronic Inspection Laboratories 
HIS new addition to the maker’s 
; line of “Electronic Gauging Ma- 
© & chines” has been developed for the 
| Single purpose of rapidly inspecting di- 
ameters of cylindrical parts fed into its 
hopper. The 3-chute model illustrated 
classifies parts into three sizes within the 
limits of tolerance, in addition to eject- 
ing “overs” and “unders.” The usual size 
classification is by 0.00001” but the ulti- 
mate gaging head sensitivity is better 
= than a millionth of an inch. No skill is 
> Tequired for setting up, however, since 
® the machine acts solely as a comparator 
with a standard. Bridge construction 
compensates for changes in the tempera- 











ture of the gaging head, and the only 
temperature variation to be adjusted for 
is that of the micrometer spindles (which, 
however, is negligible when it does not 
exceed 20°F. Feed is positive and non 
clogging, by synchronized 
mechanism attached to a stacked hopper. 
All gaging parts are of tungsten carbide 
or stellite and all moving gaging bear 
ings are V agate. Ope ration Pieces to 


reason of 





be measured are stacked in the V hop 
per over the feed roll. An 80-tooth posi 
tioning gear advances them consecutively 
on to the stellite anvils where they are 
contacted approximately in the middle 
by a carboloy-tipped spindle. This spin 
dle is connected to an electronic relay 
which actuates an air valve blowing off 
the rejects. Similarly, the accepted pieces 
are sorted by size and delivered into 
corresponding chutes. 





Industrial Cathode Ray 


Oscilloscope 


Ralph R. Batcher 


EFINEMENTS in design of cath 
ode ray tubes and associated equip 
ment have yielded new solutions of 
industrial testing problems. The modern 
oscilloscope now surpasses even volt 
meters and ammeters in accident-proof 
operation. Its deflection system cannot 
be overloaded by mistaken connections. 
For many tests based on phenomena re 





lated to. line 
cycles) the auxiliary timing axis control 


frequency (such a 60 


equipment is much simplified. Examples: 
tests on condensers and cables, steel 
hardness testing by magnetic methods, 
machine vibration, checks on electromag 
nets, permanent magnets and transform 
ers. Other auxiliaries make possible the 
rapid and convenient analysis of torsional 
and shearing stresses in shafting and 
rods, acceleration rates, engine indicator 
diagrams, and other measurement in 
volving momentary variations in_ pre 
sure, voltage, phase, relative displace 
ments, etc. Designed especially for such 
applications, a cathode ray oscillograph 
has been made available, requiring a 
bare minimum of technical skill for op 
eration: The few controls necessary for 
refocusing and for changing time base 
characteristics are reached by a side 
door, as illustrated, and the frequently 
used ON switch and deflection system 
terminals are located in front for con 
venience. The tube is enclosed in a 
magnetic shield which, in conjunction 
with its location remote from any mag 
netic elements of the circuit, insures free 
dom from false deflection which produce 
distortion. The 16”x10"x 12” cabinet 
has room for auxiliary equipment which 
may be required for certain tests. The 
tube and associated circuits are all op 
erated from the a.-c. lines 
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"Synchro" Control Valve = ""Megger"’ Capacity Meter Manometer-Regulator 
The Bristol Co. James G. Biddle Co. The Meriam Co. 

















NSTANTANEOUS change of valve EVELOPED especially for indus- ITTED with automatic ele: 
position in response to change of trial use by manufacturers of radio trol features, this new inst; 
pressure on diaphragm top, and and other types of electrostatic said to be rugged, simple, sal H 
smoothness in such response, are said condensers, and for miscellaneous capaci under severe service condition ’ ¢] 
to characterize ty measurements in table to direct or di{ 
this new con shop or laboratory, _ % control uses for pump ; 
trol valve, which this new instrument is 4 levels in tanks ar 
has been named a portable, direct- kler systems, f, 
“Synchro” be reading, multi-range maintaining gas , 
cause of these microfarad meter, and flow betwe * s: 
characteristics which is said to in- limits; or for rt ‘ ‘ 
In support of clude for the first and stopping the flo two fe 
claim of consis- time, in an instrument pipes alternately fo1 ( If 
tent relation of of this character, a purposes. Other uss 4 
valve position self-contained source gested are the ai : - to 
to pressure re of test current. To starting of a _ resery = hy 
gardless of make a test, simply in case of a failure of + : aj 
whether pres connect the condenser regular unit to operate, th, ; i 
sures are rising or circuit, the electro production of alternate pr } of 
or falling, man static capacity of sure and vacuum in h: 
ufacturer has which is to be meas- vessel, or for electric re “a 
published four ured, to the terminals, control of steam valves. , la 
curves describ turn the crank-of the } It provides a visible read; mi 
ed as follows: hand-generator and read the meter scale ; at all times. In the type j th 
“These curves directly in microfarads. Since no outside 1h trated, two glass tubes de 
were made by source of current is necessary, the instru Mie = casketed at their lower « in 
plotting pres ment may be used anywhere. It is similar into an iron block whi ha 
sures on  dia- in construction and appearance to the drilled to provide the [ a 
phragm against makers’ “Megger” insulation and ground nection between them. Three termi of 
valve stem testers: wood case; self-contained includ are provided—one on the block and } in 
travel. Three representative diaphragm ing hand generator; portable; weighs other two at the upper ends of the { un 
valves were tested under the same con between 20 and 25 Ibs. Principle. The These latter terminals are connected | Ib. 
ditions as Bristol’s Synchro Valve. Tests instrument is a direct-reading a.-c. mov- corrosion-resistant, adjustable tungs! we 
were made on a specially constructed ing coil ratiometer. The capacity to be wires which pass through Bakelit: 
test apparatus which automatically drew measured is connected in series with one in the upper ends of the tubes an 
the curves. In making these tests, pres coil of the ratiometer and a_ suitable may be set so that either of them « 
sure was gradually applied up to an standard capacity, contained in the instru tacts with the mercury at the pre 
intermediate point, then slightly reduced ment, is placed in series with the other mined differential pressure or ( 
and after the reduction increased to a coil. When the test voltage is applied the The difference between the depths of 
15-lb. maximum. From the maximum, deflection of the pointer is proportional two upper contact points may bh 
the pressure was gradually reduced to 0 to the ratio between the currents in the as small as desired. 
The point of intermediate reduction two coils, and therefore the scales can be ; ele 
shows up clearly in the ‘islands’ in cases calibrated directly in microfarads A 
of diaphragm tops 1, 2 and 3. In the feature of the portable type instrument + ‘8 . 
Synchro Valve, when this intermediate is a provision by which the accuracy is 650-A Impedance Bridge 
reduction occurred the valve receded not impaired if there is a parallel leak- General Redio Co. 
ilong the same line as on the increasing age resistance of 10,000 ohms or more 
pressures. Similarly, during the period associated with the capacity under test. HERE a considerable 
of pressure reduction from the maximum, The ranges of the portable type shown of impedance measurement 
the Synchro Valve returned on the same are 0 to .3, 0 to 1, 0 to 3 and 0 to 10 to be made, a bridge whi 
line which it made on the rising pres microfarads. There is announced also a always set up and ready is an in 
sure. The three other diaphragm tops “Workshop Type,” ranges 0 to .003 and instrument. The Type 650 Bridge m 
showed distinct rising and falling pres 0 to .01 microfarad; for operation from ures inductance, capacitance, resistan 
sure lines.” These features are said to 115-volt, 60-cyele supply; not compen- dissipation factor and energy fact 
be accomplished by correct design of the sated for parallel resistance. coils and condensers over extrem 
rubber diaphragm and_ top, precision : ranges. Resistances can be measu: 





measurements in the manufacture and from 1 milliohm to ] -megohm, 
assembly of the stem guides, accurate Heavy-duty Rheostat tance from 1 micromicrofarad 
alignment and proper spring construc 


tion. Construction simplifies maintenance American Instrument Co. 






















































































and servicing. Ample space is provided ESIGNED especially for laboratory 
for renewing stem packing without dis service, the new No. 1522-01 rheo- 
turbing the adjustments. Top may be stat provides smooth control of spe 
renewed or spring replaced without current for operating heaters used in p 
changing setting of spring follower. distillations where det 
Union and valve bodies of V-port or temperature ai 
single seated construction are available. control must me 
be precise, un 
s Ss also labora- lea 
Bristel’s Synchro Valve — 4, torv motors at 
«. @ ow cg 4 A q 
"e | Valve “No. 1°” —— 4 a where speed “an Ing 
P Valve "No.2" ipsa a7 7 3 control is re- e a we 
3 | Velve “NaS” --so" EW : quired. A | un 
3 "T “wlewas” al 7, FA ve heavy roller . q : . a 
ra) a ist contact pro- microfarads, inductance from cia 
£ | | ’ ef 1a vides posi- henry to 100 henrys, dissipati the 
= | a F0Al oP tive contact (R/X) from 0.02 to 1, energ der 
oe a ae 55 w ithout wear (X K) from 0.02 to 1,004 ee rig P in 
+4 SS =a - . on winding; contains all standards for the mi * 60- 
35 v +++ + 93 igh. a heavy nichrome wind- urements as well as the pows | B de 
Hs A a . ¢ ing is said to eliminate danger of burning Only telephones have to be n¢ i pu 
= Tt ‘eo out when contact is near zero position. externally. The bridge is dire ul fini 
sr ry 7 ae Dimensions, 6” x 6” x 51"; 115 volts; 6.5 for all measured entities, requiring g me! 
Percent Valve Stem Travel| amp.; resistance 114 ohms. calculation of data. j 
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Discharge-flow Regulator 
The DeVilbiss Co. 


ESIGNED 

ith circulating-system spray- 
painting equipment, the new Type 

HG Fluid Regulator assures constant 
fluid pressure at 
each spray gun; so 
that the gun farthest 
from the pumps is 
fed at the same 
fluid flow and pres 
sure as the nearest. 
The “blow back” 
feature is included: 
If the valve is open 
ed while the opera 
tor cleans his hose 
by blocking off the 
air at the nozzle, the 
air and paint ahead 
of it will be blown 
back through the 
regulator. The regu 
lator screw, a re 
locks 











movable key, 
the regulator at the 

desired pressure and eliminates tamper 
ing. Valve stem and valve seat are of 
hardened stainless steel, both ground to 
a positive seal. It is said that simplicity 
of construction and accurate machining 
insure efficient service and long life 
under severe usage. Available with 50- 
lb. pressure gage with 6” tube (as illus 
trated) or without gage or tube. 





Condenser Analyzer 
Tobe Deutschmann Corp. 


N spite of rapid development and 
changes in design of condensers, and 
especially of the introduction of the 
electrolytic condenser, it is said that up 
4 to now little attention 
was given to the design 
of an instrument that 
would help solve con- 
denser problems. The 
Tobe Condenser 
Analyzer has 
been designed 









specifically as an aid to the solution of 
problems involving condensers and con 
denser testing. Paper, mica, and oil di 
electric condensers are tested by the 
method of measuring the d.-c. resistance 
under an applied voltage. The resultant 
leakage current is indicated by means of 
4 neon glow tube. Good condensers hav- 
ing a satisfactorily high resistance, as 
well as open, shorted, intermittently open 
and closed, and poor leaky condensers 
are said to be readily indicated. Espe- 
cially noteworthy is the complete analysis 
the instrument ‘affords electrolytic con- 
densers. The instrument contains a built- 
In power supply operating on a 110-volt 
60-eycle ac. Voltages up to 700 volts 
dc. are available for testing at the out- 
put terminals. The case is of metal, 
finished in black Damaskene wrinkle. Di- 
mensions are 33,” x 41/,” x 71/,”. 


particularly for use 


Mercury-switch Type 
Indicating Controller 
The Brown Instrument Co. 


SE of mercury switches instead of 
open make-and-break contacts con 
trolled by the pointer, is a feature 

of this new automatic control indicating 
thermometer 
Every six seconds 
a motor-driven con 
trol table deter 
mines the location 
of the pointer in 
reference to the 
control setting, and 
tilts the mercury 
switch from one 
side to the other 
if the temperature has changed. Thus 
the measuring system is free to position 
itself, unhampered by the control mecha 
nism. There is no distortion or restriction 
of pointer movement. Action is not de 
pendent upon friction, as switch is posi 
tioned by the electric motor. Contacts 
are unaffected by vibration, as switch is 
mechanically locked in place until a dif 
ferent position is required 
and dirty*contacts are eliminated, as 
switch is sealed in Mercury 
switches have capacities up to 15 amps 
at 110 volts (10 amps. at 220 volts), 
obviating need of external relays in most 
applications. Control mechanism is adap 
table to one-, two-, or three-contact con 
trol (or signalling) systems. Measuring 
system and control mechanism are essen 
tially identical with 
temperature recorder-controllers. This 
type is said to have given excellent ser 
vice where it is desired to measure tem 
perature at distances up to 200 feet and 
at the same time control or signal. All 
models are furnished in 10” universal 
cases having all the features of the new 
Brown recorders (Instruments, January 
1934, page 19). Models are available for 
control of pressure, liquid level, ete., as 
well as temperature. 





Corrosion 


glass. 


those of maker's 





u ! . 
559-A"' Noise Meter 
General Radio Co. 

IMPLE, rugged and entirely self 

contained, this instrument is cali 

brated directly in decibels and 
makes it possible to measure accurately 
over a range extending from the rustling 
of paper to painfully loud noises. It, 
therefore, has already been adopted by 





manufacturers of home and office equip 
ment. Picking up the noise through a 
hole in one end (see photograph) and 
requiring no expert manipulation (the 
only operating controls are an on-and-off 
switch and a range selector) it affords 
utmost convenience in use. Overall fre- 
quency characteristic is similar to re 
sponse of human ear, but circuit allows 
filters of various characteristics to be 
inserted. External microphone may be 
connected. Dimensions, 161/,” x 11” x 1214,” 
overall. Weight, 33 lbs. without battery 

space for which is provided in cabinet 


"Stabilflo'’ Control Valve 
The Foxboro Co. 
XPERIENCE has shown that. the 


success of automatic control de 


pends as much on the controlled 


-ontroller 


valve as on the The new 
Stabilflo Valve 
has been devel 
oped with the 
importance of 
its function 
clearly in mind, 
and is said to 
contain startl 
ing innovations 
in design and 
construction of 
the diaphragm 
motor and of 
the valve ports. 
Reversing usual 
position of dia 
phragm and 
spring is said 
to result in a 
valve that al 
ways gives an 
exact response 
to the slightest 
cha nge de 
manded by the 
control instru 
ment. Suspend 
ed construction 
of the Stabilflo 
diaphragm motor insures smooth valve 
iction. The motor requires no guides, 
thereby eliminating a source of friction 
Special flexible coupling between dia 
phragm motor and valve stem permits 
the stem to establish its normal align 
ment. Smoothness is enhanced further by 
a valve stem lubricator which minimizes 
stuffing-box friction. The lubricant pro 
packing and 





tects and lubricates the 
helps prevent leakage 


control throughout entire range of valve, 


To assure correct 


the motor has been designed “with 

power factor ample to give true control 
results equal to the theoretical valve 
characteristics.” New 
struction gives a flow rangeability of 50 
to 1, said to be five times as much as 


valve port con 


present control valves and signifying 


that the Stabilflo valve has equal-per 
centage flow characteristics between 2 
and 100% capacity Valve and 
motor are ruggedly Open 
voke permits air to 
and helps to protect diaphragm 


valve 
constructed 
throat circulate 
freely 
against excessive temperatures. Chrome 
vanadium steel spring is enclosed in an 
air-tight pressed steel chamber which 
protects it from corrosive 
a position index 


action. Each 
valve is equipped with 
that shows position of valve plunger, ind 
also shows at a glance whether the valv 
is an air-opening or air-closing type 





PRECISION 
_CATHETOMETERS 


for accurate measurements, 
optically (.002 mm.) 


R. FUESS, INC. 


245 WEST 55th STREET NEW YORK 
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Cochius Viscosimeter 
with Precision Tube 
Fish-Schurman Corp. 


N chemical laboratories glass viscos 
imeters are preferred because, due to 
their simplicity and chemical inertness, 
they possess obvious advantages over 
metal viscosimeters. In the 
manufacture of glass instru 


ments, however, it has not = 
heretofore been possible to ir 
obtain extreme precision of - 
dimensions. To the scientist 

this drawback is not serious, 

for when doing routine work 4|| =-8 
he can calibrate the capil P 
laries with known liquids jp 
ind calculate correction ai 
factors, but when the ¢ 
measurements are to be 

reduced to absolute val } 
ues, dimensional inaccu z 


racies and resulting 
turbulences cannot be 
tolerated, for neither 
the calibration nor the 
individual viscosity meas 
urements would be satis 


A—Precision-bore measuring tube 

B—Constant-temperature circulat- 
ing medium jacket 

C—Thermometer 

D, E, F, G, H—Reference marks 


J—Sealing cap ‘ 
K—Glass cock 
L—Stand 


factorily accurate. In industrial labora 
tories, therefore, one is satisfied to use 
the efflux type, falling weight type or 
torsion type viscosimeters empirically 
calibrated by means of known liquids 
Such viscosimeters only check against 
one another with genuine viscosimeter 
liquids, but if one investigates liquids 
which show viscosity anomalies they will 
not detect irregularities by 
reason of the differently dimensioned 
friction surfaces. These difficulties have 
now been overcome by the use of pre 
cision-bore K.P.G. glass tubes in the 
Cochius Absolute Viscosimeter. This in 
strument is of the bubble type which is 
the standard type in various industries. 
\ vertical glass tube of standardized in 
ternal dimensions is filled with the liquid 
to be tested, and the time required for 
in air bubble to rise between two marks 
is measured. A jacket provides constant 
temperature. The accuracy of bubble 
depends primarily 
upon that of the internal diameter of 
the glass tube, since the duration of the 
rise of the air bubble is so long that 
stop-watch errors are negligible. K.P.G. 
tubes having bores accurate to 0.01 
mm., a considerable advance has been 
made in viscosimetry. 


viscosity 


type viscosimeters 





Type 636-A Wave Analyzer 
General Radio Co. 


F great importance in many 

branches of electrical engineer- 

ing, the subject of wave analysis 
is of particular importance in connection 
with the new art of production and 
reproduction of speech and music, and 
with problems of telephone interference 
and power-line operation. Harmonic an 
alyzers of many types have been devel 
oped, but it is said that the Type 636 
Wave Analyzer presents a combination 


INSTRUMENTS 
Page 126 — Vol. 7 


of simplicity of operation, sensitivity and 
accuracy which has not heretofore been 
commercially available. It makes use of 
1 mechanical (piezo-electric crystal) fil 
ter in order to secure a sharpness of 
filtering greater than can ordinarily be 
obtained with electrical circuits. ‘The 
incoming signal is heterodyned with a 
local oscillator to produce the filter fre 
quency and the output of the filter will 
contact only a single frequency The in 
ternal oscillator is adjusted to bring each 
frequency in the impressed wave in turn 
to the filter frequency, and the magni 
tude of each component frequency of the 
original wave is measured in turn. In 
practice this operation is simple. After 
preliminary adjustments of balancing 
detector have been made, operation of 
the instrument consists in the rotation 


x pone oat 





of a large dial calibrated in frequency 
The voltmeter above the dial will regis 
ter the magnitude of each frequency 
present in the component wave as that 
frequency passes under the dial indica 
tor. Complicated analyses can be run 
through with great rapidity. Because of 
the use of a mechanical filter unusual 
discrimination between frequencies can 
be obtained. A frequency differing only 
30 evcles from the one observed will be 
attenuated by 40 decibels at any fre 
quency. 





Thread Measuring Machine 
R. Y. Ferner Co. 


HIS recent development by the 

Société Genevoise d’Instruments de 

Physique, Geneva, permits of taking 
direct measurements on cylindrical and 
taper thread gages. For male gages, the 
maximum diameter is 2414,” and measure 
ments may be taken of the pitch diame 
ter at any point of the thread; of the 
external diameter at any point; of the 
pitch parallel to the gage axis; and of 
the thread profile and angle. Female 
gages of diameters from 114 to 2414.” can 
be measured for pitch diameter at any 
point; internal diameter; and pitch par 
allel to the axis of the gage. Male gages 
of diameters from 1%, to 4” can be 
mounted between centers, when the han- 
dle is integral with the gage. Larger 
male gages and female gages are set on 
the table with the axis vertical. The dis- 
placements of the table are measured on 
a precision scale by means of an S.1.P. 
micrometric microscope EF, reading to 





0.0001 mim. (0.00005" ) The co 


ries a second measuring | 

is 
whereby the vertical displacs { hef 
the measuring anvils can be enat 
0.001 mm (0.00005") on ' rhe 


scale. The goniometric micro 
adjustable vertically through 
of 20 mm. (%,”) and horizontal ' Up 
15 mm. (5%”). The displace: 7. iu 
measured on divided drums 4 





I 
etn 
/ ard 
5” 
++ 
| atta 
| 
| ing 
eT 
deg 
2 1 
, ono 
pn 
SY 7 
J ip) 
4 I 





b aa — har 


0.01 mm. (0.00005”). The micro ; 
mits of taking angular readings to | Th 
enables the thread profiles and es of alka 
male gages to be checked. The , 
cision seales for the longitudi: 
ment of the table and the verti 
ment of the measuring device 
special alloy, having the same coeffici: { 
of expansion as steel gages. ( 
for temperature variation ar 
unnecessary. The division of 
is guaranteed to be accurate t 


mim. 





Pedestal Type Comparator 
and Measuring Machine 


Jones & Lamson Machine Co. for 
OR measuring and comp 
jects by means of a mag! 
dow, this optical projecti 
has been designed to meet the 
ments of toolroom, produc 








| 


2 
ae at | 
L 
OS r 
Zs l 
d angle 
ie 
linal 1 
"tic " 
1c¢ ire 
coeft 
(oO 
= t 
to 


Darator 
chine 
e Co. 


A 
nihied 
n 
( req 
oO 
, 








pection. All operating mechanism 
is wit n reach of an operator sitting 
before the 14 diameter chart. Floor 
equired is 36” wide by 44” long. 


tory 


enact 
rhe porting base has two large bear 
for supporting and guiding the 3! 
ram which the table is mounted. 
Upper portion of ram is threaded and 
*< encased in a 12” diam. ball thrust 
handwheel for vertical adjustment. Maxi 
mum vertical table travel is 6”. Three 
ctyles of tables can be furnished: 

, plain table without lateral adjust 


ings 


: T ble with 4” lateral adjustment for 
ng 4” of spacing or lead 
, with 10” lateral adjustment for 
measuring 10” of spacing or lead 

\ll three styles can be swiveled 15 
either side of center. Centers with stand 
urd center blocks will stage objects up to 
5” diam., 12” long. A vertical measuring 
attachment can be supplied for measur 
ing vertically up to 2”. A vernier attach 
ment permits measurement of angles in 
degrees and minutes. A standard 8”x10” 
photographic attachment can be supplied 
for photographing directly on sensitized 
paper, film, or plates, under ordinary 
shop lighting conditions. Provisions have 
been made for inspecting by reflection 
such objects as type faces, or contours 
having surfaces that cannot be projected. 
Machine can be equipped with universal 
stage for mounting production screws to 
measure form, lead and pitch diameter. 
[he following lens systems can be sup 
plied for projecting objects of various 





SIZeS: 

Lens system Projected area lagnification 
25 mm ad 200 
3k’ mm oa” 100 

48 mm 0.200” 62.5 
46 mm. a 20 

82 mm, a” 12 





Gear Analyzer 
Michigan Tool Co. 


APID checking of involute gears 
has been realized in the new Invol 
ute Checking Machine. No master 
forms or master base circle disks are 
required. Charting for comparison with 
ther checking devices is readily accom 
plished. A sine bar is employed similar 
to those embodied on other Michigan 
lool Co. inspection instruments. By use 


of two indicators and a reversible indi 


cator finger, both sides of a 


turning gear upside down or otherwise 
altering the set-up, thus making possible 
more consistent checking than could be 
obtained otherwise at reasonable labor 


cost. Constructed rigidly for lasting ac 


curacy, the new machine has a ¢ ipacity 


of 12” diam. by 12” length 





Electric Flow Meter Body 


The Brown Instrument Co. 


ASE of cleaning and of rane 


changing are said to be combined 
with ruggedness and simplicity in 
this new meter body for electric flow 
meters. Employment of inductance-bridge 





principle makes it possible to transmit 


electrically to remote indicating or re¢ 


cording instruments the position of the 


float which is free to move in the high 
pressure chamber: no pressure-bearings 


BOD 


gears, links, chains or mercury contacts. 


High- and low-pressure legs are con 


nected by heavy seamless steel U-tube 
attached by compression fittings and 


provided at its low point with a hard 
needle-point screw type of mercury drain. 
Mercury “blow-over” is prevented by oil 
resisting resilient seals above and below 
the float. No welding or welded parts 
are used: construction permits working 
pressure of 2500 Ibs./in (each body is 
factory-tested to 5000 Ibs./in.2). Base is 
interchangeable for wall or floor mount 
ing and made of malleable iron to stand 
shocks. All parts and fittings mounted 
on base are easily reached with a wrench 
Entire body can be taken apart, cleaned, 
and reassembled in less than an hour, 
without removing piping, disturbing set 
ting or re-calibrating meter. Range can 
be changed quickly without shutting 
down the line: nine interchangeable range 
tubes with corresponding charts for the 
recorder are available, each furnished 
with the right length of pipe, range tube 
support and gaskets all assembled as one 
unit. Change requires no pipe fitting, no 
vise and no special tools. External pulsa 
tion check is designed for precision ad 
justments with the meter body under 
2500 Ibs./in.2 line pressure. The mercury 
drain may be opened and closed, carry ing 
the pulsation check with it but “not 
changing the setting 


gear tooth 
may be checked without dismounting, 


Portable Gas Analyzer 
Ellison Draft Gage Co. 
EADER and seats are hard 








ber, corrosion-prootl \ t! tyie 
some problem it inalyzer 
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co Dinin 1 ¢ 
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proof and greas« 
less header SCAM 
re idings ire VISIPN« 
it a distance of 





several feet Lh 
analyzer is made in two seale range 
21% in 02 mil. subdivisions and 52.5 
in 0.56 ml. subdivisions. The seales, wit! 
burette and jacket, are interchangeabl 
\bsorption chamber is of annealed gla 
ind is filled with curled hard rubber 
The chamber for the acid cuprous chlor 
ide solution is provided with copper 
reducing the olution to a straw-ve 
color. Solution container is of hard rul 
ber and is filled and emptied throu 


nipple from the back of the inalvze 
without removing the container. For cat 


rving the solutions, the nipples ar 
with rubber cap When in use, the cap 
are removed, leaving the COQ». con 
open, the nipple for the On. nd (O) 
containers being sealed from the atm 

phere with the air bag. Burette botton 


is held in a packing cup with rubb 


gasket, finished with asbestos packing 
Provision is made for carrying a com 
plete testing set in carrying case, con 


prising gas sampling tube, pipe adapter, 
2 flue gas thermometers, 2 thermometer 
holders, and Ellison port ible draft gage 
set. Surface ilonge burette jacket and 
case at the right erve as a guide for 
the leveling bottle over the full length of 
the scale. The new needle valve has bee 
tested up to 100,000 operations withou 
appreciable signs of wear Hleader in 
fittings 


tionary use where weight is not obje« 


being of hard rubber, for 


tionable, mercury can be used for the 


leveling liquid, requiring no aspirating 


bulb. Air bag for sealing O. and CO 
solution reservoirs trom itmosphere I 
of black pure gum rubber, provided 
with two nipple connections, one hag 
serving two containers. Ga unplin 
tube, "x 17", is screwed into a bra 


bushing in bottom of case. Gas pipe 
idapter, threaded to take either or 
,” iron pipe, is used for deeper inser 
tions than the length of the sampling 
tube permits Thermometer furnished j 
“Tavlor.’ etched stem, 16 


long, 100 to 950°F. in 5 


best grade 
divisions, 8 
immersion. Both the one-chamber and 
the three-chamber analyzers come with 


complete equipment 
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AIR METERS 
American Meter Co 
Balley Meter Co. 
Bristol Co. 

Brown Instrument Co. 
Foxboro Co. 

Pioneer Instrument Co. 
Taylor Instrument Cos. 

ALTIMETERS 
General Electric Co. 
Taylor Instrument Cos. 


ALTITUDE BAROMETER 


Taylor Instrument Cos 
AMMETERS—Indicating 

General Electric Co. 

Genera! Radio Co. 

Rawson Elec. Inst. Co. 

Roller-Smith Co. 

Weston Elec. Inst., 
Recording 

Bristo! Company 

Brown Instrument Co. 

Genera! Electric Co 

Pioneer Instrument Co. 

Roller-Smith Co. 
ANEMOMETERS 

Bristol Company 

Taylor Instrument Cos. 
ASPHALT TESTING 

APPARATUS 

Taylor Instrument Cos. 

ASTRONOMICAL 
INSTRUMENTS 
Gaertner Scientific Corp. 


ATTENUATION NET- 
woRKS 


Corp 


Genera! Radio Company 
Ward Leonard Elec. Co. 
AUDIO-F REQUENCY 
OSCILLATORS 
General Radio Company 
BALANCES 
Roller-Smith Co. 
BALANCING MACHINES 
Genera! Electric Co. 
BAROMETERS—Anerold, 
Mercurial, Recording 
Bristol Company 
Gaertner Scientific Corp. 
Taylor Instrument Cos. 
BATTERY TESTERS 
Roller-Smith Co. 
Weston Elec. Inst., Corp. 
BEARING TESTERS 
Burgess Labs., Inc., C. F. 
BIMETAL ELEMENTS 
W. M. Chace Valve Co. 
BOARDS: INSTRUMENT 
Balley Meter Co. 
Bristol Co 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos. 
Thwing Instrument Co 
BOILER METERS 
American Meter Co 
Balley Meter Co 
BRAKE TESTING 
METERS 
Rawson Elec. Inst. Co 
BRIDGES, ELECTRICAL 
Capacity, 
Resistance, Temperature, 
Wheatstone, Percent 
General Electric Co. 
Genera! Radio Co. 
Roller-Smith Co 
Shalicross Mfg. Co 
Thwing Instrument Co. 
CABLE TESTERS 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
CALORIMETERS 
American Meter Co 
Gaertner Scientific Co. 
CAPACITANCE METERS 
General Electric Co. 
General Radio Co. 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
CARBON DIOXIDE 
METERS 
Brown Instrument Co. 
Foxboro Co. 
CATHETOMETERS 
Gaertner Scientific Corp. 


CHLORINE GAS FLOW 
INDICATORS 
Morey & Jones, Ltd. 


CHRONOGRAPHS AND 
CHRONOMETERS 

Esterline-Angus Co 
Gaertner Scientific Corp. 
Genera! Electric Co 
Genera! Radio Co. 

CLINOMETERS 

CLOCKS—Gage Board 
Brown Instrument Co, 
Bristol Company 
Foxboro Uo 
Pioneer Instrument Co. 

coILs 

Resistanee, Inductance, 
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Inductance, Kelvin 


Speeial 

General Electric Co. 
General Radio Co. 
Roller-Smith Co 
Shallcross Mfg. Co. 


COIL TESTING EQUIP. 
MENTS 


General Electric Co. 
Roller-Smith Co. 
Thwing Instrument Co. 
COLORIMETERS 
General Electric Co. 
Thwing Instrument Co. 


COMBUSTION CONTROL 
EQUIPMENT 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 


Morey & Jones, Ltd. 
Pioneer Instrument Co. 


COMMUNICATION 
MEASURING 
INSTRUMENTS 

General Radio Company 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 


COMPARATORS 
Gaertner Scientific Corp. 
General Electric Co. 

COMPASSES 
Pioneer Instrument Co. 
Taylor Instrument Cos. 


CON DENSE RS—Eleetrical 
General Electric Co. 
Genera! Radio Co. 

CONDUCTIVITY METERS 

Indicating, Recording, 

Controlling 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 

CONTOUR MEASURING 

PROJECTOR 

CONTROLS, AUTOMATIC 

Combustion 
Bailey Meter Co. 

Morey & Jones, Ltd. 

Condensation 
Bristol Company 
Taylor Instrument Cos. 

Damper 
Bristol Company 
Brown Instrument Co. 
Forboro Co. 

Morey & Jones, Ltd. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 

Feed Water 
American Meter Co. 
Bailey Meter Co. 

Bristol Co. 
Brown Instrument Co. 
Forboro Co. 


Filter Rate 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Flow 
American Meter Co. 
Balley Meter Co. 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 


Humidity 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 
Humidity & Temperature 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Cos. 
Lighting 

Weston Elec. Inst. Corp. 
Liquid Levet 

American Meter Co. 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 

Taylor Instrument Cos. 
Materials Testing. 

Baldwin-Southwark Corp. 
Pressure & Vacuum 

American Meter Co. 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 

Taylor Instrument Cos. 
Pyrometer 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Cos. 

Thwing Instrument Co. 
Rate-Velume 

American Meter Co. 

Foxboro Co. 


Refrigeration 

Bristol Company 

Brown Instrument Co. 

Taylor Instrument Cos. 
Specific Gravity 

Balley Meter Co. 
Tachometer 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 

Weston Elec. Inst. Corp. 
Temperature-Time 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 

Taylor Instrument Cos. 
Thermometer 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Forboro Co 

Taylor Instrument Cos. 

Thwing Instrument Co. 
Thermostat 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 
Time 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Cos. 
Vacuum 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Cos. 
Valve—Motor Operated 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 
Voltage A.C. 
Water Level 

American Meter Co. 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 

Taylor Instrument Cos. 
COUNTERS—Magnetic 

Thwing Instrument Co. 
Revolution 

Bristol Company 

Brown Instrument Co. 

Pioneer Instrument Co. 
Stroke 

Bristol Company 
CREEP TESTER 
CUBIC FOOT BOTTLES 

American Meter Co. 
CURRENT RECORDERS 

Bristol Company 

General Electric Co. 

Roller-Smith Co. 
CYCLE CONTROLLERS 

Bristol Co. 
CYCLE COUNTERS 

General Radio Co. 


CYCLOMET 
DAMPING TESTER 
DEFORMETER (Beggs) 


DEMAND METERS 
Gas 
Forboro Co 
Electric: Indicating, Re- 
cording, Printing 
General Electric Co. 
DIVIDING HEAD 
Optical 
DIVIDING MACHINES 
Gaertner Scientific Corp. 


4 RAFT GAG Te Gages 


YNAMOMET 
a E Sheng c 0. 
Rawson Elec. Inst. Co. 
Weston Elec. Inst. Corp. 
EARTH CURRENT 
METERS 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 


ELECTRIC TELEMETERS 


—See Remote Metering 
Equipment 


ELECTRIC WAVE FILTER 
TIONS 


SEC 
General Radio Company 
ELECTROMETERS 
ELECTRONIC METERS 
General Electric Co. 
General Radio Co. 
Rawson Elec. Inst. Co. 
ENGINE INDICATORS 
ENGINE REVOLUTION 
COUNTERS 
EXTENSOMETER 
FATIGUE TESTERS 
FAULT FINDERS 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 


FLASH & BURNING 
POINT TESTERS 

Taylor Instrument Cos. 
FLOW METERS 
Indicating 

Bailey Meter Co. 

Brown Instrument Co. 

Morey & Jones, Ltd. 

Pioneer Instrument Co. 
indicating & Recording 

American Meter Co. 

Bailey Meter Co. 

Brown Instrument Co. 

Foxboro Co 

Pioneer Instrument Co. 

Taylor Instrument Cos. 
Integrating & Recording 

American Meter Co. 

Morey & Jones. Ltd 
FLUE GAS ANALYZERS 

Brown Instrument Co. 
FLUXMETERS 

Rawson Elec. Inst. Co. 
FOOT-CANDLE METERS 

Weston Elec. Inst. Corp. 
FREQUENCY METERS 
Indicating 

Genera! Electric Co. 

Roller-Smith Co. 

Weston Elec. Inst. Corp. 
Recording 

Bristol Company 

General Electric Co. 
Standards 

General Radio Co 
FURNACE CONTROLS 

Bailey Meter Co. 

Bristol Company 

Taylor Instrument Coa 


Volume 
American Meter Co. 
Brown Instrument Co. 
Foxboro Co. 


Wind 
Bristol Company 
Brown Instrument Co. 


GALVANOMETERS 
American Meter Co. 
Brown Instrument Co. 
General Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 

Taylor Instrument Cos. 
Thwing Instrument Co. 
Weston Elec. Inst. Corp. 


GAS ANALYTICAL 
METERS 
Electrical 
Brown Instrument Co. 
GAS FLOW INDICATORS 
American Meter Co. 
Morey & Jones, Ltd. 
GAS LEAK INDICATORS 
Taylor Instrument Cos. 
GAS-METERS 
American Meter Co. 
Bailey Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Dry Test 
American Meter Co. 


Wet Test 
American Meter Co 





KEYS AND Sw CHES 
General Radi 
LABORATORY «Heo. 
STATS 
LACTOMETER 
Taylor Instr 
LEVELS 
Centering 
Engineer's, Wy 
Prism 
Taylor Instr 
LIQUID LEVE 
RECORDE?S 
American M 
Bailey Meter 
Bristol Com 
Brown Instrur 
Foxboro Co 
Morey & Jor Lid 
Pioneer Instrument ( 
Taylor Instrir 


MAGNETIC RELAYS 
Roller-Smith ( 
MAGNETOMETERS 
Roller-Smith ( 
MANOMETERS 
Bailey Meter ‘ 
Bristol Co. 
Brown Instrument (o 
Foxporo Co 
Morey & Jones, Lid 
MASTER CLOCKS 
Gaertner Scientific Corp 
General Electric Co 
MEASURING MAC — 
Gaertner Scientific 


Preeisiog 














Instrument Fuses, also Auto, R 
Voltage and Aircraft. Send for cat 
LITTELFUSE LABORATORIES 
4513 Ravenswood Ave. Chicago, II 
GAGES GOVERNORS MEGOHMMETERS 
Absolute Pressure Pressure General Rad 


American Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 

Amplifying 

Comparator 

Cylinder 

Deformation 

Dial 

Differential Pressure 
Bailey Meter Co. 
Brown Instrument Co. 
Foxboro Co 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 

Draft 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 

Drill 


Bausch & Lomb Optical Co. 


Filter Rate 
Morey & Jones, Ltd. 


Flow 
American Meter Co. 
Bailey Meter Co. 
Brown Instrument Co. 
Morey & Jones, Ltd. 
Liquid Level 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Foxboro Co. 
Morey & Jones, Ltd. 
Pioneer Instrument Co, 
Taylor Instrument Cos. 
Paper Thickness—Con- 
tinuous 
Thwing Instrument Co. 
Piteh Diameter 
Pressure 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Foxboro Co 
Taylor Instrument Cos. 
Pressure- Temperature 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Pressure & Vacuum 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Profile 
Rain 
Esterline-Angus Co. 
Taylor Instrument Cos. 
Recor ding—Distanee 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Strain 
General Electric Co. 
Tester 
Thickness 
Vacuum 
Esterline- Angus Co. 
General Electric Co. 
Taylor Instrument Cos. 





Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Taylor Instrument Cos. 
Pump 

Bailey Meter Co» 

Taylor Instrument Cos. 
Water Wheel 
GRAVITOMETERS 

American Meter Co. 

Thwing Instrument Co. 
GROUND DETECTORS 

Roller-Smith Co. 

Weston Elec. Inst. Corp. 
HAND TALLEYS 
HARDNESS TESTERS 
HELIOSTATS 

Gaertner Scientific Corp. 
HIGH FREQUENCY 

APPARATUS 

General Radio Co. 

Rawson Elec. Inst. Co. 

Roller-Smith Co. 

Weston Elec. Inst. Corp. 
HIGH VOLTAGE 
indieators 

Roller-Smith Co 

Shallcross Mfg. Co. 

Weston Elec. inst. Corp. 
Measuring Devices 

General Electric Co. 

Roller-Smith Co. 

Shallcross Mfg. Co. 

Weston Elec. Inst. Corp. 
Testing Devices 

General Electric Co. 
HOUR COUNTERS 

Weston Elec. Inst. Corp. 
HUB ODOMETERS 
HUMIDITY CON- 

TROLLERS 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 
HUMIDITY RECORDERS 
Wet & Dry Bulb 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 


HYDROGEN ION METERS 


HYDROMETERS 
Taylor Instrument Cos. 
HYGROMETERS 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
ILLUMINOMETERS 
Weston Elec. Inst. Co. 
INDICATORS—See Gages 
INDUCTANCES 
General Radio Co. 
INSTRUMENT CALIBRA- 
TION AND REPAIRS 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
INSTRUMENT TRANS- 
FORMERS 
General Electric Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
Split Core 
Roller-Smith Co. 
Phase Shifting 
inepeA Ter TESTING 
EQUIPMENT 
A, Bhectrle Co. 
Roller-Smith Co. 
INTERFEROMETERS 
Gaertner Scientific Corp. 


Roller-Smith « 
MEGOHM VOLTMETERS 

Roller-Smith ¢ 

Weston Elec. Inst. Corp 
MICROAMMETERS 

General Electric 

Rawson Elec. Instru. Co. 

Roller-Smith ¢ 

Weston Elec. Inst. Corp. 


MICROFARAD METERS 
General Radio Co 
Roller-Smith Co 
Weston Elec. Inst. Corp. 

MICROMETERS 


Gaertner Scientific Corp 
MICROMETER SLIDES 

Gaertner Scientific Corp 
MICROSCOPES 
Brinell 

Gaertner Scienti 
Measuring 

Gaertner Scientific Corp 
Metallographic 
Petrographical 


fle Corp, 


Toolmakers’ 

Gaertner Scientific Corp. 
MICROTOMES 
MILLIAMMETERS 


Bristol Company 
General Electric Co. 
General Radio Co 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Weston Elec. Inst. Corp 


MILLIVOLTMETERS 
Bristol Company 
Brown Instrument Co. 
General Electric © 


Rawson Elec. Inst. Co. 
Roller-Smith ¢ 
Taylor Instrume 
Thwing Instrumen 
Weston Elec. Inst. Corp. 
MIRRORS 
MODULATION METERS 
General Radio Co 
Weston Elec. Inst. Corp 
MOISTURE METERS 
General Radio Co 
MOTION RECORDERS 
Mechanical 
Bristol Company 
Foxboro Co 
MOTOR STARTERS 
Roller-Smith ¢ 
MULTIMETERS 
Rawson Elec. Inst. Co 
Shallcross Mfg. Co 
MULTIPLE PEN 
RECORDERS 
Bristol Co 
Foxboro Co 
MULTIPLIERS 
General Electr 
Roller-Sr 
Weston Elec t. Corp 
NICKEL SOLUTION 
TESTERS 
NOISE MEASURING 
SETS 





Burgess Lab 
General Radi 
OHM METERS 
General Elect 
Rawson Elec. Inst. 
Roller-Smit! , 
Shallcross Mfg. Co. 
Weston Elec. Inst. Com 
OIL TESTING 


APPARATUS | 
General Eleetr's ‘ ae 
Taylor Instr nt Uo 

ORDERS 


OPERATION RI 
Roller-Smith 
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More About Induced Radioactivity 
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No Need of Air or 
Electric Power. 
and BETTER control 


than usually obtained 
with auxiliary power 










This radically new type of 
temperature controller draws 
power from the very steam 
which it controls. Result: a 
1°F. change at bulb suffices to 
effect full travel of valve 
(ordinary self-acting regu- 
lators require 10° to 20°). 
For all steam-heated proc- 
esses the new Johnson 
Regulator is the most 
sensitive control instru- La 

ment on the market. me Tc 








Forget your ideas based on self- 
acting regulators you’ve known, and 
send for data on this modern type. 


Emil I. Johnson Regulator Co. 


64535 N. TALLMAN AVE. CHICAGO, ILL. 




















Chive: Optical Glass 
FILTERS 


with 
Uniform Stable Selective 
Transmissions in All 
Regions of the 
Spectrum 


(Ultra-violet—Visible 


for TECHNOLOGY 
PHOTOGRAPHY 
SPECTROSCOPY 


Complete descriptior 


cluding transmissior charts. are 
revised catalogue No 4892E \ 


catalogue is av vailab > upon ri 


FISH-SCHURMAN CORPORATION 
230 EAST 45TH ST., NEW YORK CITY 
U. S. Agents for Jena Glass Works, Schott & Ger lena 


Infra-red) 
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Electrical 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Roller-Smith ¢ 
Taylor Instrument Cos 
Thwing Instrument Co 
OPTICAL PARTS 
Lenses, Prisms, Test Planes 
Gaertner Scientific Corp 
ORIFICE METERS 
indicating & Recording 
American Meter Co 
Balley Meter Co 
Brown Instrument Co 
Foxboro Co 
Morey & Jones, Lid 
integrating 
American Meter Co 
ORIFICES, ADJUSTABLE 
American Meter Co. 
Bailey Meter Co 
OSCILLATORS 
General Radio Co 
Weston Elec. Inst 
OSCILLOGRAPHS 
General Electrie Co 
General Radio Ca 
Automatic 
General Electric Co. 
Cathode Ray 
General Electric Co. 
General Radio Co 
PANTOGRAPHS 
Gaertner Scientific Corp. 
PERISCOPES 
Gaertner Scientific Corp. 
PERMEAMETERS 
General Electric Co 
PHOTO-ELECTRICCELLS 
General Electric Co 
Weston Elec. Inst. Corp. 
PHOTO-ELECTRIC 
COLOR ANALYZERS 
Genera! Electric Co 
Thwing Instrument Co 
PHOTO-ELECTRIC 
COLOR COMPARA- 
TORS 
General Electric Co 
Thwing Instrument Co 
PHOTOGRAPHIC EXPOS- 
URE METERS 
Weston Elec. Inst 
PHOTOMETERS 
Geertner Scientific Corp 
PHOTO-MICROGRAPHIC 
EQUIPMENT 
Rawson Elec. Instru. Co. 
PITOT TUBE METERS 
Brown Instrument Co 
Foxboro Co 
Morey & Jones, Ltd 
Pioneer Instrument Co. 
PLANIMETERS 
Automatic Flow Record 
Brown Instrument Co 
Foxboro Co 
Linear 
Brown Instr 
Radial 
Bailey Meter Co 
Bristol Company 
Foxboro Co 
Square Root 
Foxboro Co 
POLARISCOPES 
Gaertner Scientific Corp 
POSITION RECORDERS 
Brown Instrument Co. 
Bristol Company 
Foxboro Co 
Taylor Instrument Cos 
POTENTIOMETERS— 
indicating 
Brown Instrument Co 
General Electric Co 
Thwing Instrument Co 
Recording & Controlling 
Brown Instrument Co 
Thwing Instrument Co. 
Standard Cell Comparing 
Feussner Type 
POWER FACTOR METERS 
General Electric Co 
Roller-Smith Co 
Weston Elec. Inst. Corp 
PRESSURE RECORDERS 
American Meter Co 
Balley Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
PRISMS 
Gaertner Scientific Corp 
PROCESS TIMING & 
SIGNALING IN- 
STRUMENTS 
Bristo! Company 
Brown Instrument Co 
Forboro Co 
Taylor Instrument Cos 
PROTRACTORS 
Optical 
PROVERS 
American Meter Co 


Corp 


Corp 


ment Co 


PSYCHROMETERS 
Recording 
Bristol Company 
Brown Instrument Co 
Forbhoro Co 
Taylor Instrument Cos 
Bling 
Taylor Instrument Cos 
PYRHELIOMETERS— 
Weather Bureau Type 
PYROMETERS 
Optical 
Radiation 
indicating 
Brown lustrument Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Recording 
trown Instrument Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Thermo-electric 
immersion 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Roller-Smith Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Indicating 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Recording and Controlling 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Surface Contact 
Bristol Company 
Brown Instrument Co 
Taylor Instrument Cos 
Thwing Instrument Co 
PYROMETER CALI- 
BRATING SETS 
Thwing Instrument Co 
RADIO FREQUENCY 
OSCILLATORS 
General Radio Company 
RADIO SET ANALYZERS 
Weston Elec. Inst. Corp 
RADIO TEST PANELS 
Shallcross Mfg. Co 
Weston Elec. Inst. Corp 
RADIO TUBE CHECKERS 
General Radio Company 
Weston Elec. Inst. Corp. 
REF RACTOMETERS 
REGULATORS—See 
Controls 
RELAYS 
General Electric Co. 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
Light Sensitive 
Burgess Labs., Inc., C. F. 
Roller-Smith Co 


Weston Elec. Inst. Corp 
Vacuum Contact 
Burgess Labs., Inc., C. F. 


Vaeuum Tube 

Burgess Labs., Inc.. C. F. 
REMOTE METERING 

EQUIPMENT 

American Meter Co. 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

General Electric Co 

Morey & Jones, Ltd 

Pioneer Instrument Co. 
RESISTANCE—Electrical 

General Radio Co. 

Roller-Smith Co 

Shallcross Mfg. Co 
RHEOSTATS 

Genera! Radio Company 
SACCHARIMETERS 

Taylor Instrument Cos 
SALINITY INDICATORS 
SCALES 

Gaertner Scientific Corp. 
Basis Weight 

Thwing Instrument Co 
Differential 

Thwing Instrument Co 
SEISMOGRAPHS 
SHUNT METERS 

Bristol Company 

Roller-Smith Co. 
SHUNTS 

Esterline-Angus Co. 

General Electric Co. 

Rawson Elec. Inst. Co. 

Roller-Smith Co 

Weston Elec. Inst. Corp. 
SIGNALING DEVICES— 

Automatic 

Bristol Co. 

Brown Instrument Co. 

Foxboro Co 

Pioneer Instrument Co. 


SMOKE ALARMS 
Veston Elec. Inst 
SPECIAL COILS 
SPECIAL ELECTRICAL 
INSTRUMENTS 
Bristol Company 
Brown Instrument Co 
General Electric Co 
General Radio Co. 
Morey & Jones, Ltd 
Pioneer Instrument Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Shallcross Mfg. Co 
Thwing Instrument Co 
Weston Elec. Inst. Corp 
SPECIAL INSTRUMENTS 
Rolier-Smith Co 
Thwing Instrument Co. 
Gaertner Scientific Corp. 
SPECTROGRAPHS 
SPECTROMETERS 
Gaertner Scientific Corp. 
SPECTROPHOTOMETERS 
Gaertner Scientific Corp. 
SPECTROSCOPES 
Gaertner Scientific Corp. 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Bristol Company 
Brown Instrument Co. 
Thwing Instrument Co. 
SPEED REGULATORS 
STANDARD CELLS 
Weston Elec. Inst. Corp. 
STOP WATCHES 
STRAIN GAGES 
General Electric Co. 
STROBOSCOPES 
General Radio Co 
SUNSHINE RECORDERS 
Taylor Instrument Cos. 
SURGE INDICATORS & 
RECORDERS 


Corp 


General Electric Co. 
SYNCHRONOSCOPES 
Weston Elec. Inst. Corp. 
Roller-Smith Co. 
SYNCHRONIZATION 
FORKS 
Electrical 
Genera! Radio Co. 
SYNCHRONOUS MOTORS 
General Electric Co 
Pioneer Instrument Co. 
TACHOMETERS 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
Roller-Smith Co. 
Thwing Instrument Co. 
Weston Elec. Inst. Corp. 
TACHOSCOPES 
Brown Instrument Co. 
TELEMETERS—See 
Remote Metering 
TELESCOPES 
Gaertner Scientific Corp. 
TENSOMETER (Huggen- 
berger) 
TESTING MACHINES 
Thwing Instrument Co. 
Fatigue 
impact 
Impact (very light load) 
Thwing Instrument Co. 
Hardness 
Oll & Bearing 
Paper 
Thwing Instrument Co. 
Penetration 
Thwing Instrument Co. 
Portabie—Tensile—Cem- 
pression 
Sheet Metal 
Stiffness & Bending 
Thwing Instrument Co. 
Stretch 
Thwing Instrument Co. 
Tearing 
Thwing Instrument Co. 
Tensile (very light load) 
wing Instrument Co. 
Universal 
THERMIONIC RECTI- 
FIERS 


Genera! Electric Co. 
THERMO-JUNCTIONS 
(Electric) 
Genera! Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
THERMO-VOLTMETERS, 
AMMETERS 
General Radio Company 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
THERMOPILES 





| 





HASLER SPEED 


One entire measuring operation takes 5 seconds. 
No gears to shift. No adjustment. No calculations. 


No loss of time. Merely the accurate result. 


461 EIGHTH AVE. HASLER-TEL CO. New york.Nn.Y. 


INDICATORS 
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THERMOMETERS 
Dalley Meter Co 
Bristol Company 
Brown Instrument Co. 

Gas Filled 
Foxboro Ca. 
Taylor Inst 

Mechanical 
Brown Instrument Co. 
Foxboro Co. 

Mereurial 
Bristol Company 
Taylor Instrument Cos. 

Resistance 
Brown Instrument Co. 
Foxboro Co. 

Thwing Instrument Co. 

Vapor - Tension 
Bristol Company 
Brown Instrument Co. 
Forboro Co. 

Taylor Inst. Companies 

Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Taylor Instrument Cos. 
Thwing Instrument Co. 

THERMOSTATS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Taylor Instrument Cos. 

THERMOSTATIC 

BIMETAL 
W. M. Chace Valve Co. 

TIME INDICATORS 

TIME METERS 
General Electrie Co. 
Weston Elec. Inst 

TIME OPERATION 

RECORDERS 
Bristol Company 
Foxboro Co. 

TIME RECORDERS 
Bristol Company 
Brown Instrument Co. 
Gaertner Scientific Corp. 
Foxboro Co. 

TIME SWITCHES 
General Electric Co. 

TIMERS 
Rawson Elec. Inst. Co. 

TIMING DEVICES 
General Electric Co. 

TORSIOGRAPH 

TOTALIZING 

INSTRUMENTS 
American Meter Co. 
General Electrie Co 


TOTALIZING RELAYS 


Companies 


Electric 
General Electric Co 
TRANSFORMATION 


POINT RECORDERS 
Brown Instrument Co. 


Corp. 


TRANSFORMERS 
(Instrument) 

General Electric Co. 

General Radio Co. 

Roller-Smith Co 

Weston Elec. Inst., Corp. 
TRANSITS 
Astronomical 

Gaertner Scientific Corp 
Pocket 

Taylor Instrument Cos. 
TUNING FORKS— 
Electrically Driven 

General Electric Co. 

General Radio Co. 

Gaertner Scientific Corp. 
TURBIDIMETERS 
U-TUBE MANOMETERS 

Balley Meter Co 

Brown Instrument Co. 

Morey & Jones, Ltd. 

Taylor Instrument Cos. 
VACUUM RECORDERS 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Cos 
VACUUM TUBE BRIDGES 

General Radio Company 
VACUUM TUBE RELAYS 

Burgess Labs., Inc., C. F. 
VACUUM TUBE 

VOLTMETERS 

General Eh ‘ric Co 

General Radio Co 

Rawson Elec. Inst. Co. 
VALVES 
Automatic Shut-Off 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Cos. 
Back Pressure 

American Meter Co 
Balanced 

Bailey Meter Co 

Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Cos 
Blow -off 

American Meter Co 
Diaphragm 

Bristol Company, 

Foxboro Co 

Taylor Instrument Cos 
Differential 

American Meter Co 
Electrically Operated 

Bristol Company 

Brown Instrument Co. 

General Electric Co 

Taylor Instrument Cos 
Motor Operated 

Bristol Co 
Pressure Relief 

American Meter Co 





Proportional Al; 
Aine an M 
Reducing 
Bailey Meter 
Taylor Instr 
Regulating 
American M 
Bailey Meter 
Bristol Co 
Brown Instrur 
Foxboro Co 
Taylor Instr : 
VENTURI METERS 
Bailey Meter 
Brown Instrur PM 
Foxboro (Cc 
Morey & Jones 
Pioneer Instr . 
VIBROGRAPHS F 
VIBROSCOPES 
VISCOSIMETE? 
Taylor Inst. ( a 
VOLTAGE Divi 
General Radio (‘5 
VOLT-AMMETERS 
General! Electr 
Roller-Smith ( 
Weston Elec. Ir Corp 
VOLTMETERS 
Electrostatic 
General } 
Rawson Elec. Inst. 
Roller-Smit! 
Indicating 
General Elect BY 
General Radio ( 
Rawson Elec. Instru. Co 
Roller-Smit! 
Weston Elec. Inst 
Reeording 
Bristol Company 
General Electr 
Roller-Smith ¢ 
Thermionic Reetifier 
General Radi 
WATER METERS 
Bailey Meter Co 
Brown Instrument (Cc 
Foxboro Co 
Morey & Jones, Lid 
WATTHOUR METERS 
General Electr 
WATTMETERS 
Indicating 
General Electr 
Rawson Elec 
Roller-Smith ( 
Weston Elec. Inst. Corp 
Recording 
Bristol Company 
General Electr 
Roller-Smith € 


WAVEMETERS 
General Radio 

X-RAY SPECTROMETERS 
Gaertner Scientific Corp 








_ This ad should not be read by 


instrument men who think they | & 
“know it all” 


Many instrument men, when they see the title, 
“Fundamentals of Instrumentation,” assume that 
this is a topic on which they have little to leart 
The assumption is natural, because everyone wh 
has had years of experience with instruments 
does know a lot about them and their uses. You, 
for example, know much more about certain sul 


jects than does “the other fellow.” 


BUT—"The other fellow” knows more than you 
do about his specialties. 


There are, then, certain fundamentals that every 
ambitious and self-respecting engineer or scien- 
tist should know, and that production executives 
will find profitable to know. 


You will find all of these in “Fundamentals of 
Instrumentation.” The price is two dollars post 
paid. INSTRUMENTS PUBLISHING Co., 330 West 
42nd St., New York City. 


+ 


+ 


+ 
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VACUU 
THERMOCOUPLES 





Sensitive vacuum thermocouples are needed wher- 
ever small alternating currents are measured. Cali- 
brated on direct current they may be used at high 
frequencies. 

The General Radio Type 493 Vacuum Thermo- 
couples are an improved but inexpensive type which 
can be used at frequencies as high as twenty million 
cycles. 

Separate-heater and contact types available 
Rated for use with 10-millivolt instruments 
Sensitivity range (both types) 4.5 ma.-275 ma 
Price: Contact type $12.00 

Separate-heater type $15.00 


For further information write: 


GENERAL RADIO COMPANY 


CAMBRIDGE MASSACHUSETTS 


















SURFACE COMBUSTION 
CORPORATION 















Many other leading 
manufacturers now 
use Chace Bimetal 
because of its ac- 
curacy, uniformity 
and dependability. 
Sold in: 
SHEETS * STRIPS * FORMS 











W.M. CHACE PZV47: CO. 


1609 Bear< Detroit. Mich 


Avenue - 





NEW RELAYS 


YOU SHOULD KNOW 





er 
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Thermal Time Delay Magnetic Relays 
Relays Bulletin No. 351 Bulletin No. 81 


Motor Driven Time Delay 
Relays Bulletin No. 361 





Heavy Duty Relays 
Bulletin No. 13 


Sensitive Relays 
Bulletin No. 251 


Midget Magnetic Relays 
Bulletin No. 106 





valuable 


cal information that you will surely need. 


techni- 


contain 


These bulletins 


Ask for any one or all of them. There is a 
Ward Leonard Magnetic Relay for every 
purpose. Constant development makes 


these relays the last word in Relay Design. 


WARD LEONARD 


CONTROLS + RESISTORS + RHEOSTATS 


WARD LEONARD ELECTRIC CO. 


38 South St., Mount Vernon, N. ¥ 
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The 













AVOID BREAKDOWNS: If you 
operate mixing machinery or similar 





equipment that is liable to be over- 
loaded and damaged, a Recording 
Wattmeter installed in the driving 
motor circuit will give warning im- 








mediately of the approach of danger- 





ous excessive loading. It will put a 





stop to breakdowns, repairs, delays, 
and loss of production. Also, it will 
give continuous operating records for 







future guidance. 







R 


LOWER MAINTENANCE COST; 
Often by permanently cutting Record- 
ing Voltmeters into the electrical 
distribution system, it is possible to 
spot grounds instantly, to detect their 
character and severity, and so not 











only to save appreciable time in clear- 





ing the lines, but also by protecting 








Re ording 
Ammeter, 


Model 047 


Recording 
Ammeter, 


Model 635 







THE 








and delays, 
following applications, 
gested, show what may be expected. What are your plant “ills’’? 








BRISTOL COMPANY ° 
Branch Offices: Akron, Birmingham, Boston, Chicago, Detroit, Los Angeles, New York, Philadelphia, Pittsburgh, St. Louis, San Francis 


BRISTOLS 


PIONEERS 


motors and keeping them in good 


condition to lower maintenance costs. 


STOP BURNING OUT MOTOR: 
To avoid the possibility of overload- 
ing and burning out motors under in- 
creased output, it is good practice to 
install a Recording Ammeter in the 
motor line and caution operators not 
to permit the ammeter pen to pass 


the danger point. 

CHECK QUALITY OF STOCK 
OR PRODUCT: By recording the load 
on an electric motor and its fluctua- 
tions to abnormal values, a Recording 
Ammeter can be employed to control 
(a) the consistency of the mix in a 
motor driven mixer or agitator, (b) 
the quality of stock such as wire be- 
ing drawn through a bench, etc. (c) 





Recording 
Voltmeter, 
Model 535 


Recording 
Voltmeter, 
Model Sit 





cutting overhead 
among dozens 


Portable Recording 
Voltmeter, 


Model 512 


WATERBURY e 


that 


It can even be used to reveal the 
condition of equipment like revolving 
knives for cutting up raw material— 
the duller the blades, the heavier the 
current on the driving motor. 


BR 


SAVE POWER COSTS IN MAN- 
UFACTURING OPERATIONS: If 
each department of a plant is provided 
with a separate Recording Wattmeter, 
it can very accurately be charged with 
the exact cost of the power and light 
it uses. In addition, the power con- 
sumption meter charts can be used to 
reveal the speed or slowness with 
which the department comes up to 
full efficiency in the morning and 
after the noon hour; to show up de- 
lays caused by men waiting for ma- 
terials or instructions, etc. Such charts 
for individual machines also record 
how long operators are idle and how 
much time they waste. 








Round Chart 
Recording Watt 
meter, Model 735 





REG. U.S. PAT. OFF. 





IN PROCESS CONTROL SINCE 


and promoting 


Strip Chart Recording 
Wattmeter, 
Model 725 Model ! 


OW you can use instruments 
to “diagnose” your plant “OMls” 


If you are seeking ways and means of lowering costs,—and what 
plant is not?—have you ever looked into the possibilities of Bristol’s 


Electrical Recorders for ferreting out waste, banishing needless 


safety? 


may be sug- 


’ 


SECURE MAXIMUM OUTPUT 
FROM EXPENSIVE MACHIN 
ERY: A Wattmeter cut into the cir 
cuit of a motor driving expensive 
machinery shows the non-productive 
time. It reveals any abnormal condi. 
tions so that these can be quickly in 
vestigated and remedied. 


B 


SCHEDULE PROPER LOADING 
OF POWER EQUIPMENT: by 
disclosing occasional peaks which fx 





an lly high demand power rate 
for an entire month, a Recording 
Wattmeter will help arranging produ- 
tion schedules so that intermittently 
operated machines are not thrown on 
when the regular plant load is a mav- 
mum. This saves money, without ad- 
versely affecting plant operation. 








Strip Chart Recording 


Frequency Meter 





CONNECTICUT 


1889 

















